Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


HARVARD  UNIVERSITY 


DEPARTMENT  OF 

GEOLOGICAL  SCIENCES 

LIBRARY 


Transferred  to 

CABOT  SCIENCE  LIBRARY 

June  2005 


A*  '    <*■»• 


Tx 


De  partmerit   of 
iueralt-^-'^y  &  Petrography 
KARVAif:D  UcHVERSITY 
CAMBKID-3E,  MASS.  , 


NOV  1 1 1924 


I 


c^ 


UNIVERSITY    OF    ILLINOIS    BULLETIN 

'  Issued  Weekly  •  ■"  ■  . 

Vol.  XVII  /jUNeV,  1920  .  No.  41 

^Entered  as  Mcond-dass  matter  December  11,  1912,  at  the  post  office  at  Urbanaj  UlinmB,  imder  the  Act  of 
August  24;  1912,  Acceptance  iat  mailing' at  the  special  rate  of  postage  provided  for  in  section  1103,  Act  of 
.Octoljcr  3, 1917,  authorized  July  31, 1918.1         .         .  -  ,  .      -  -  _         -    ,      . 


THE 
i.lFE  OF  THE  PLEISTOCENE 

GLACIAL  PERIOD 


By  FRANK  COLLINS  BAKER 

Cumtdr  of  the  Museum'  of  Natural  History 
University  of  "Illinois  -  . 


PRICE,  SS^OO.    ^ 


--? 


PUBLISHED  BY  THE  UNIVERSITY  OF  ILLINOIS 

:  ■  ]'r  -  ■'  ■■■■:■''/■■  ^  ■  urbana  •  -  "^    .,■■    , 

■  ^  /      •         1920      ■  . 


^i^ 


THE 


LIFE  OF  THE  PLEISTOCENE 
OR  GLACIAL  PERIOD 


AS  RECORDED  IN  THE  DEPOSITS  LAID  DOWN 

BY  THE  GREAT  ICE  SHEETS 


BY 

FRANK  COLLINS  BAKER 

CUKATOR  OF  THE  MUSEUIC  OF  NaTUKAL  HiSTORY 

University  of  Illinois 


Published  BY  the  University  of  Illinois 
Under  the  Auspices  of  the  Graduate  School 

1920 


7V/ 
153 


Copyright  by  the  Univessity  ot  Illinois,  1920 

Distributed,  May,  1920 

Contribution  from  the  Museum  of  Natural  History 

Number  7 


dJiCNCES 
LIBRARY 

MAY  3  0  1972 

HARVARD 
UNLVERSI'Dfi 


PREFACE 

About  nine  years  ago,  Mr.  A.  Scharf,  a  gentleman  interested  in  the  study 
of  Archaeology,  discovered  a  bed  of  mussels,  containing  the  species  EllipHo 
crassidens,  near  the  old  village  of  Bowmanville,  in  the  northwestern  part  of  the 
City  of  Chicago.  These  specimens  were  referred  to  the  writer  who  doubted 
their  having  been  found  near  Chicago,  the  present  distribution  of  crassidens 
being  upwards  of  a  hundred  miles  from  the  City,  southward  and  westward. 
Investigation  revealed  the  presence,  hitherto  unknown  to  either  the  geologists 
or  the  zoologists  of  Chicago,  of  a  fossil  deposit  of  wide  extent,  which  contained 
not  only  the  species  in  question  but  many  others,  both  pelecypods  and  gastro- 
pods. These  deposits  were  in  a  new  drainage  canal,  called  the  North  Shore 
Channel,  which  now  extends  from  Bowmanville  northward  to  Wilmette,  a  dis- 
tance of  about  eight  miles. 

The  writer  was  fortimate  in  being  able  to  follow  the  excavation  of  this 
canal  foot  by  foot  and  thus  to  secure  fresh  exposures.  During  a  period  of  two 
years  the  entire  length  was  carefully  surveyed  with  the  results  described  in 
the  pages  that  follow  (Part  I).  The  new  Calimiet-Sag  Channel,  draining  the 
southeastern  part  of  the  city,  was  also  studied,  but  in  no  such  detail  as  was 
the  North  Shore  Channel.  It  is  greatly  to  be  regretted  that  this  canal,  pre- 
senting quite  as  important  data  as  did  the  North  Shore  Channel,  could  not 
have  been  given  equally  as  exhaustive  study.  The  small  amount  of  time 
available  was  used  to  the  utmost  and  important  data  were  obtained. 

As  the  work  proceeded,  it  became  evident  that  here  was  an  opportunity  to 
reconstruct  the  life  and  conditions  of  this  ancient  glacial  lake;  to  ascertain 
the  bearing  of  this  life  upon  the  migration  and  repopulation  of  the  glaciated 
area;  and  to  compare  the  postglacial  with  the  recent  fauna  and  flora.  To  this 
end  the  literature  was  searched  for  data  relating  to  this  region  and  much 
time  was  spent  in  different  parts  of  the  area  in  quest  of  additional  material. 
The  study  of  the  Chicago  region  very  naturaUy  led  to  a  consideration  of  other 
re^ons  once  covered  by  the  great  ice  sheet  and  also  to  other  periods  of  glacia- 
tion — the  little-known  intergladal  intervals.  The  result  of  these  studies  is 
embodied  in  the  two  parts  of  this  volimie. 

Part  I  embraces  an  account  of  the  postglacial  geology  and  life  of  the  Chica- 
go region,  and  also  a  resum6  of  our  present  knowledge  concerning  the  post- 
glacial life  of  the  entire  glaciated  region  of  the  United  States  and  Canada. 
In  Part  II  the  life  of  the  intergladal  intervals  is  discussed  and  the  spedes  of 
plants  and  animals  Usted.  This  is  largely  a  compilation,  all  available  literature 
having  been  searched  for  data.    In  this  part  the  placing  of  a  record  in  a  parti- 
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cular  interval  has  often  been  attended  with  great  difficulty  on  account  of  the 
ambiguity  concerning  its  stratigraphic  position — ^its  relation  to  a  distinct  and 
well  known  drift  sheet.  In  some  cases  only  a  suggestion  has  been  made,  while 
in  many  others  not  even  this  has  been  possible.  Not  a  few  records,  however, 
have  been  of  such  a  character  as  to  leave  little  or  no  doubt  concerning  their 
relation  to  one  of  the  drift  sheets.  Only  such  have  been  available  for  recon- 
structing the  life  of  these  intervals.  Many  of  the  references  are  not  available 
because  of  gross  errors  of  identification,  as  weU  as  of  stratigraphy;  such  as 
Aughey's  list  of  Missouri  loess  moUusks,  which  is  worthless  for  this  reason. 
In  all  lists  the  modem  nomenclature  is  used. 

In  correlating  these  records  with  the  particular  interglacial  interval  in 
which  they  are  supposed  to  belong  the  writer  has  used  his  judgment,  based  on 
the  original  stratigraphical  data  or  upon  some  later  local  geological  map  or 
record.  It  is  probable  that  this  judgment  has  not  in  all  cases  been  correct. 
In  the  list  of  biotic  remains  all  groups  of  animals  and  plants  (excepting  the 
Diatomaceae)  have  been  included,  in  order  that  a  comprehensive  view  might 
be  presented  of  the  life  of  each  interval.  The  lists  of  species  at  the  end  of  the 
volume  (Chapter  XIII)  are  so  meager  that  they  pitifully  expose  our  lack  of 
knowledge  and  indicate  forcefully  that  much  is  yet  to  be  done  before  we  are 
in  a  position  to  write  intelligently  on  the  life  of  the  Pleistocene. 

The  title  of  this  volume  may  be  thot  to  be  toa  inclusive,  the  region  from 
which  the  data  have  been  gathered  forming  but  a  part  of  the  entire  territory 
in  which  Pleistocene  animals  and  plants  have  been  found.  It  was  thot,  how- 
ever, that  the  only  .way  in  which  a  knowledge  of  the  life  of  the  interglacial  inter- 
vals could  be  obtained  would  be  to  study  the  life  which  had  been  entombed 
between  the  till  sheets,  and  which  could  only  have  lived  during  the  interval 
represented.  For  this  reason  the  area  selected  for  study  includes  only  that 
part  of  the  United  States  and  Canada  (east  of  the  Rocky  Moimtains)  that  was 
covered  by  the  great  continental  ice  sheets.  Deposits  outside  of  this  area, 
therefore,  cannot  be  included,  except  for  purposes  of  comparison,  as  there  is  no 
way  of  deciding  just  which  interval  they  may  represent.  In  fact,  many  of  the 
records  beyond  the  glaciated  territory  represent  deposits  which  were  forming 
continuously  thruout  the  entire  time  of  the  Pleistocene,  they  not  being  greatly 
influenced  by  the  great  ice  sheets.  With  this  statement  of  the  purpose  of  the 
work,  it  is  easily  seen  that  the  title  "Life  of  the  Pleistocene ''  is  not  inappro- 
priate. 
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In  a  recent  work,  Salisbury^  says  of  the  Pleistocene  record  "  The  to-and-fro 
movements  of  the  land  floras  and  faimas  must  have  introduced  an  elaborate 
series  of  superpositions,  giving  an  elaborate,  orderly,  and  unusual  succession. 
The  record  of  this  succession  has  not  been  worked  out  in  its  completeness, 
and  unfortunately  there  is  little  chance  that  it  will  be  worked  out  in  its  ftdness 
unless  by  the  most  persistent  care. "  The  present  volimie  may  be  considered 
a  contribution  to  the  end  indicated  by  the  above  statement.  It  is  fully  ap- 
preciated that  it  contains  much  that  is  incomplete  and  perhaps  faulty.  That 
it  is  a  first  attempt  to  cover  a  wide  and  diffictilt  field  may  in  a  measure  explain 
some  of  its  shortcomings.  It  is  thot  that  the  bringing  together  of  the  widely 
scattered  data  and  literature  relative  to  the  subject  will  be  found  useful  to  all 
students  of  the  life  of  this  last  geological  stage  of  the  history  of  the  earth.  It 
is  confidently  hoped  that  its  publication  will  inspire  a  desire  on  the  part  of  local 
students  to  supply  the  deficiencies  and  to  add  the  much-needed  information 
necessary  before  we  can  write  a  comprehensive  account  of  the  T.ife  of  the 
Plebtocene.' 

^  Phyucal  Geography  of  the  Pleistocene,  p.  273. 
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PART  I 

BIOLOGY  OF  GLACIAL  LAKE  CHICAGO 

RE^VIEW  OF  OUR  KNOWLEDGE  CONCERNING  THE  DISTRIBUTION  OF^j^LIFE 
IN  THE  GLACIATED  AREA  DURING  POST-WISCONSIN  TIME 


CHAPTER  I 

fflSTORICAL  REVIEW 
I.  Geneiial  Statement 

The  evidences  of  abandoned  shore  lines  surrounding  the  Great  Lakes  were 
recognized  by  geologists  at  an  early  date.  Colonel  Charles  Whittlesey/  as 
early  as  1838,  reported  a  line  of  beaches  on  the  south  shore  of  Lake  Erie;  Mr. 
Bela  Hubbard*  described  a  beach  north  of  Lake  Erie;  Mr.  James  HalP  recog- 
nized the  shore  of  glacial  Lake  Lroquois  in  the  northwestern  part  of  New  York, 
and  Mr.  Charles  U.  Shepard'^  described  the  ancient  lake  beaches  near  Chicago 
but  did  not  refer  them  to  the  agency  of  glacial  formed  lakes.  These  geologists 
realized  that  these  old  beach  lines  once  formed  the  margins  of  large  lakes, 
which  were  the  predecessors  of  the  existing  Great  Lake  system.  References 
to  the  life  which  peopled  the  waters  of  these  ancient  lakes  are  rare  in  early 
geological  works,  tho  Hall^  records  the  presence  of  Unios  and  drift  wood  in  the 
sands  of  the  ''ridge  road,"  in  northern  New  York,  but  gives  no  detailed  ac- 
count of  the  species  represented. 

For  the  past  fifty  years  or  more,  data  have  been  accumulating  bearing  on 
the  biota  of  these  ancient  lakes,  until  at  the  present  time  a  varied  faima  and 
flora  has  been  cataloged.  The  earliest  fauna  is  found  (as  would  be  expected) 
in  the  sedimentary  strata  of  the  first  body  of  water  to  appear,  glacial  Lake 
Chicago,  the  precursor  of  Lake  Michigan,  and  it  is  to  the  life  of  this  early  water 
body  that  attention  is  to  be  especially  directed.  Before  proceeding  to  discuss 
these  deposits  in  detail,  it  will  be  of  value  and  interest  to  review  briefly  the 
work  of  previous  investigators. 

II.  Previous  Records  of  Life 

1868  BANNISTER.*— One  of  the  first  investigators  to  recognize  the  ancient 
bay  or  lake  and  its  southwestern  outlet  was  Henry  M.  Bannister.  The  pres- 
ence of  life  in  the  old  lake  deposits  is  apparently  first  mentioned  by  this  author. 

» Geologiaa  Survey  of  Cttno,  2iid  An.  Rep.,  p.  55, 1838. 

*  Geological  Survey  of  Michigan,  3rd  An.  Rep.,  p.  104, 1840. 
» New  York  Geological  Survey,  2nd  An.  Rep.,  p.  310, 1838. 

*  Natural  Histozy  of  New  York,  part  IV,  Geology  of  4th  District,  p.  348, 1843. 

•  Amer.  Joum.  ScL,  (i)  XXXIV,  pp.  134-137, 1838. 

•  Geol.  of  Illinois,  m,  pp.  241-242, 1868.  In  this  chapter  only  those  works  are  included 
which  refer  specifically  to  the  life  of  Lake  Chicago  or  its  beaches.  The  records  of  life  outside 
this  area  will  be  found  in  a  subsequent  chapter. 
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A  section  of  the  shore  north  of  the  university  campus,  Evanston,  studied  by 
Prof.  O.  C.  Marcy,  presented  the  following  strata: 

Section  of  beach  at  Evanston 

1.  Surface  soil IJi  feet 

2.  Fine  sand..: 2^  " 

3.  Coarse  sand 2J4  " 

4.  Fine  sand 2  " 

5.  Gravel IH  " 

6.  Fine  sand  containing  tree  trunks,  etc 1 J^  " 

7.  Dark  colored  marly  bed,  the  lower  part  peaty IJ^  " 

8.  Fine  sand 3Ji  " 

9.  Blue  clay  (drift) 3^  " 

Mr.  Bannister  thus  comments  upon  these  deposits  and  the  life  contained 
therein:  ''In. addition  to  the  beds  given  in  the  section,  there  may  be  seen  at 
one  or  two  points,  a  thin  seam  of  vegetable  mould,  resting  immediately  on  the 
blue  clay  of  the  drift,  and  at  the  base  of  the  true  lacustrine  deposits.  In  this 
seam  there  have  been  found  many  pieces  of  wood  and  stems  of  small  trees, 
apparently  cedar,  and,  in  one  instance  at  least,  the  stump  with  the  roots  pene- 
trating the  clay  below  to  a  depth  of  two  or  three  feet,  evidently  in  the  position 
of  its  natural  growth,  thus  showing  that  the  land  was  at  that  time  sufficiently 
elevated  to  support  trees.  Water-worn  pieces  of  wood,  also  apparently  cedar, 
are  quite  frequent  in  the  stratum  of  sand  above  the  clay  (no.  8  of  the  section). 

''  The  bed  no.  7  of  the  section,  may  be  followed  for  upward  of  half  a  mile 
along  the  beach,  and  is  also  frequently  met  with  in  digging  wells  in  the  town. 
An  occasional  fragment  of  a  bone,  and  a  great  abimdance  of  fossil  fresh-water 
shells  are  found  in  this  bed.  The  shells  are  all  of  existing  species  of  Unto, 
Pisidium,  Physa,  Lymnea,  Planarbis,  Valvata,  Amnicola,  MdanthOy  Ancylus, 
etc.  Immediately  above  this  bed,  and  generally  resting  upon  it,  in  the  stratum 
of  sand  no.  6,  we  find  many  stems  of  large  trees,  chiefly  oak,  which  seem  to  have 
drifted  to  their  present  resting  place  as  the  waters  of  the  lake  gradually  en- 
croached upon  the  marsh. 

"  In  the  eastern  part  of  the  county,  along  the  lake  shore,  we  often  find  the 
black  surface  soil  of  the  small  wet  prairies  imderlaid  by  a  bed  of  quicksand, 
containing  fresh-water  shells  of  the  genera  Mdania,  Unto,  etc.,  which  belong 
to  the  same  period  as  the  lake  ridges.  Instances  of  this  kind  of  a  prairie  may 
be  observed  along  the  lines  of  most  of  the  railroads  running  southwesterly  from 
Chicago,  and  on  the  Milwaukee  railroad  nmning  north.  Indeed^  such  prairies 
may  be  seen  at  the  present  time,  in  the  process  of  formation,  at  various  points 
along  the  lake  shore  in  this  county  and  elsewhere.  The  bed  no.  7  of  the  section 
wa^  probably  deposited  under  conditions  very  similar  to  those  of  the  formation 
of  these  prairies,  in  the  bottom  of  a  shallow  lagoon  or  marsh,  and  serves  to  show 
how  gradual  was  the  process  of  submergence  or  emergence  during  which  it  was 
formed." 
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No  differentiation  is  made  by  Bannister  of  the  life  of  the  different  lake  per- 
iods; it  is  probable  that  the  complicated  stages  of  the  glacial  lakes,  as  under- 
stood today,  were  not  known  or  comprehended  at  this  time.  The  section  at 
Evanston,  quoted  above,  evidently  includes  strata  referable  to  at  least  three 
lake  stages — Glenwood,  Calumet,  and  Toleston.  No.  8  of  the  section  is  refer- 
able to  the  Calumet  and  Toleston  stages;  no.  7  is  evidently  post-Toleston; 
1-6  are  of  Hammond  age;  the  stratum  of  vegetable  mould  resting  on  the  blue 
day  probably  represents  the  Bowmanville  low  water  stage. 

1870.  ANDREWS.^ — ^Dr.  Edmund  Andrews,  in  discussing  the  ancient  lake 
beaches  thus  refers  to  a  peat  formation  underlying  the  Calimiet  beach  ridge: 
"  In  fig.  4, 5  represents  an  ancient  subaerial  soil,  which  in  many  places  becomes 
a  thin  peat  bed,  with  remains  of  grass  still  on  its  surface,  which  runs  entirely 
under  the  middle  beach."  Dr.  Andrews  was  apparently  the  first  person  to 
suggest  a  Post-Glenwood  low  water  stage.  No  mention  is  made  by  Dr. 
Andrews  of  organic  remains  being  f  oimd  in  this  deposit. 

1888.  LEVERETT.* — ^In  this  paper  Mr.  Frank  Leverett  discusses  with  much 
detail  three  ancient  beaches,  referring  to  the  remains  of  life  as  follows : 

Glenwood  or  Upper  Beach 

Section  in  Mr,  Haas'  gravel  pU,  Oak  Park 

1 .  A  brown-stained  gravel  at  the  surface  extending  down  the  slope.    Depth,  18^0  inches. 

2.  Fine  gravel  (unstained),  24  inches  at  top,  increasing  to  48  inches  near  base. 

X  Sand  beginning  with  scarcely  any  thickness  at  the  top,  but  increasing  to  a  thirknns  of  36 
inches  at  the  base  of  the  excavation. 

4.  A  bed  of  fine  gravel  increasing  like  no.  3  from  0-48  inches  in  thickness. . 

5.  Fine  gravel  neariy  four  feet  in  thickness,  which  passes  upward  frcnn  near  the  east  side  of 
the  excavation,  assuming  a  nearly  horizontal  position  beneath  the  crest  of  the  i$dge. 

6.  Sand  at  the  bottom  of  the  excavation  becoming  thicker  toward  the  higher  part  of  the 
lidge.    Depth  6-36  inches. 

''Molluscan  shells  thought  to  be  Unios,  and  smaller  shells  have  been 
found  in  no.  6,  but  none  of  these  were  at  hand  at  the  time  of  my  visit.  Mr. 
Haas  afterwards  sent  an  oyster  shell  which  was  embedded  in  no.  6,  and  near 
itwas  the  tooth  of  a  mammoth.  If  the  oyster  shell  has  not  been  introduced 
it  suggests  much  as  to  a  salt  water  lake.  It  is  possible  that  the  shells 
thought  by  Mr.  Haas  to  be  Unios,  were  salt  water  mollusks.  We  learned 
of  no  other  instances  of  the  occurrence  of  molluscan  remains  along  the 
upper  beach.'' 

A  personal  examination  of  this  gravel  pit  failed  to  reveal  animal  life  of 
any  kind.  The  oyster  shell  was  undoubtedly  introduced  artificially;  there 
is  no  evidence  of  a  postglacial  intrusion  of  the  sea  in  this  region. 

'  Trans.  Chicago  Acad.  ScL,  II,  p.  15, 1870. 
•  Trans.  Wis.  Acad.  Sd.,  m,  pp.  177-188, 1888. 
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Calumet  or  Middle  Beach 

The  peat  bed  (page  184)  mentioned  by  Dr.  Andrews  is  discussed  at  some 
length.  It  was  found  upon  examination  to  extend  completely  under  the 
Calumet  ridge  and  even  to  underlie  certain  portions  of  the  lower  beach. 
The  peat  bed  is  said  to  contain  the  mangled  remains  of  wood.  Leverett 
could  trace  this  peat  bed  only  a  short  distance  west  of  the  beach  ridge  (Cal- 
umet), but  the  writer  has  found  it  extending  westward  for  over  a  mile. 
Leverett  was  unable  to  formulate  a  theory  to  account  for  the  burying  of  the 
peat  bed  beneath  the  lake  beaches  of  sand  and  gravel.  Mr.  Leverett 
states  that  near  Summit  ^Ve  are  told  that  shells  of  Unios  and  of  smaller 
mollusks,  also  fragments  of  wood  have  been  found  at  the  base  of  the  gravels, 
but  none  were  at  hand  at  the  time  of  our  visit."  The  writer  has  collected 
postglacial  material  at  this  locality,  and  the  record  is,  therefore,  authentic. 

Toleskm  or  Lower  Beach  (page  188) 

A  cut  in  the  beach  at  Evanston  gave  the  following  section  (made  by  Dr. 

Oliver  Marcy ) : 

1.  Surface  soil,  sandy IJ^  feet 

2.  Brown  sand  and  fine  gravel 2J^  " 

3.  Coarse  gravel,  stratified 2J^  " 

4.  Fine  sand 2  " 

5.  Gravel  containing  bones  of  deer IJ-^  " 

6.  Fine  sand  containing  oak  logs IJ^  " 

7.  Peat  or  carbonaceous  earth,  with  a  marl  bed  containing  moUuscan  shells  in  the 

lower  portion,  or  interstratified  with  the  peat 1 J^      " 

8.  Gravel r. 1^       " 

9.  Humus  soil  with  cedar  stumps  and  logs 4-6  inches 

10.  Yellow  clay  laminated  and  contorted,  containing  pockets  of  gravel 3H    ^^t 

11.  Blue  pebbly  clay 2  " 

Height  of  Muff 22 

"The  bone  is  a  portion  of  the  femur  of  a  deer  (species  not  determined.) 
The  oak  wood  is  well  preserved  but  the  cedar  is  mangled  and  shivered.  Pro- 
fessor Marcy  also  has  specimens  of  mollusks  coDected  from  the  marl  beds 
associated  with  the  peat  in  no.  7  of  the  above  section.  The  following  are 
specifically  identified:  1.  Planorhis  campanulatus;  2.  Planorbis  parva  (par- 
vus)^; 3.  Amnicola  linosa  {limosa)^\  4.  Pisidium  dubium;  5.  Cyclas  sulraia 
{Spharium  sulcata^ simile),^  Unios  of  various  sizes  occur,  which  are  not 
specifically  identified.  There  are  also  other  molluscan  remains  not  included 
in  the  above  species. " 

*  These  corrections  are  the  author's.    The  section  studied  is  the  same  as  that  mentioned 
by  Bannister  on  a  previous  page. 
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1891.  PENHALLOW.*^— The  plant  remains  found  by  Dr.  Many  in  the 
Evanston  beach  deposits  were  submitted  to  the  late  Prof.  D.  P.  Penhallow, 
who  thus  comments  upon  them:  '^By  comparison  with  recent  species  of 
QuercuSf  this  fossil  appears  to  most  nearly  approach  Q.  primus  and  Q.  garryanaf 
the  affinities  being  nearer  the  former  than  the  latter.  Such  differences  as 
could  be  definitely  established,  were  found  in  the  length  of  the  ray  cells,  the 
abundance  and  form  of  the  markings  on  the  vessels,  and  the  number  and  size 
of  the  medullary  rays.  These  differences  are  such  as  to  render  exact  identifica^ 
tion  with  modem  species  hardly  probable,  and  as  a  suitable  means  of  distinc- 
tion and  recognition  I  would  therefore  propose  for  this  fossil  the  name  of 
Quercus  marcyana." 

''The  wood  of  the  Picea  was  cut  with  as  great  facility  as  the  oak,  and  while 
the  transverse  sections  were  quite  clear  as  to  the  details  of  structure,  the 
kxigitudinal  sections  also  gave  numerous  well  preserved  details,  from  which 
a  series  of  drawings  were  prepared. 

"So  far  as  the  details  have  been  made  out,  they  seem  to  establish  affinity 
with  Picea  siichensis,  but  as  in  the  case  of  the  Quercus ,  the  differences  are  such 
as  to  cause  hesitation  in  establishing  exact  identity  between  them.  Were  it 
possible  to  establish  identity  between  the  two,  then  there  would  be  good  evi- 
dence to  show  the  extent  to  which  the  area  of  distribution  of  Picea  sikhensis 
has  contracted  within  recent  geological  times,  since  this  is  now  essentially  con- 
fined to  the  Pacific  coast,  from  Alaska  to  Mendocino,  California,  extending 
inland  not  more  than  fifty  miles.  I  deem  it  expedient  to  Higtingiiwli  this 
fossil  by  a  separate  name,  for  which  I  would  suggest  Picea  evansUmi. " 

Prcrf.  Penhallow  says  further,  ''The  local  evidence  is  such  as  to  confirm  the 
view  that  the  Picea  grew  upon  the  spot  where  found,  sending  its  roots  down 
into  the  clay."  The  bones  of  a  mastodon  are  also  said  to  have  been  found 
on  or  in  the  peat  layer  labeled  no.  4  of  Marcy 's  section  (see  Higley  and  Raddin, 
p.  xiii,  figure  2). 

The  Picea  may  possibly  be  the  same  as  the  material  identified  as  mariana 
or  canadensis  from  deposits  recently  explored  near  Bowmanville.  Oak  leaves 
were  also  found  in  the  BowmanviUe  deposits  but  so  imperfect  that  identification 
was  impossible.  They  may  have  been  the  same  as  the  Quercus  described  by 
Penhallow. 

1891.  HIGLEY  AMD  SADDiN.^' — In  the .  introduction  to  this  paper  (pages 
Xlll,  XIV,  XV)  the  three  major  beaches  are  discussed  in  relation  to  the  flora, 
past  and  present    The  section  at  Evanston,  studied  by  Prof.  Marcy  and 

>•  Trans.  Roy.  Soc.  Canada,  DC,  pp.  29-32, 1891. 
»  BuU.  ChL  Acad.  Sd.,  U,  No.  1, 1891. 
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discussed  by  Bannister  and  Leveret  t,  is  graphically  shown  (see  plate  IV,  1) 
and  commented  upon  as  follows: 

Section  of  bluff  al  Evanshm 

10.  Sandy 1.50  feet 

9.  Brown  sand  and  fine  gravel 2.50  " 

8.  Coarse  gravel,  stratified 2.50  " 

7.  Fine  sand 2.00  " 

6.  Gravel 1.33  " 

5.  Fine  sand 1.50  " 

4.  Peat  and  carbonaceous  earth 1.50  " 

3.  Gravel  and  sand 3.25  " 

A.  Humus  soil,  oiganic  matter,  very  thin 

2.  Laminated  yellow  clay 3.50  " 

1.  Clay  (bowlder) 2.00  " 

Total  hei{^t 21.58  " 

"For  ten  years  previous  to  that  time  (1884),  according  to  the  best  infonna- 
tion  that  could  be  obtained,  the  shore  had  washed  away  about  two  rods  each 
year.  At  the  time  the  section  was  made,  a  northeast  storm  had  produced  a 
clear  vertical  section  of  the  bluff.  L  (Lake  Michigan)  indicates  the  water 
surface.  For  two  feet  at  the  foot  of  the  bluff,  the  shingle  of  the  shore  covered 
the  day.  Above  the  shingle  was  a  vertical  section  of  the  upper  portion  of  the 
day;  three  and  one-half  feet  as  shown  in  the  diagram.  At  A  on  the  surface 
of  the  day,  five  and  one-half  feet  above  the  water,  was  an  old  soil.  The  layer 
of  organic  matter  was  very  thin,  but  on  it,  was  much  coniferous  wood,  some  of 
which  appeared  to  grow  on  the  place  where  it  was  found.  No  other  kind  of 
wood  was  found  at  this  horizon.  Three  and  a  half  feet  of  nearly  horizontally 
stratified  sand  covered  this  soil.  Then  at  4,  in  the  diagram,  there  was  one 
and  a  half  feet  of  peat.  In  the  upper  surface  of  the  peat,  were  many  fresh 
water  shells.  Nine  different  genera  were  identified,  all  of  which  were  existing 
spedes.  They  were  PlanorbiSy  Valvata,  Physa,  Lymnia  (Lymnaa)  etc.,  with 
fresh  water  bivalves,  so  decomposed  that  it  was  impossible  to  determine  the 
spedes.  Upon  this  peat  and  lying  more  dosdy  upon  it  than  is  indicated  in 
the  figure  at  5,  were  trunks  of  oak  trees  in  a  layer  of  fine  sand.  This  layer,  4, 
with  the  oak  trunks  lying  on  it  or  in  it,  extends  under  all  the  village  of  Evanston 
east  of  the  railroad.  At  6  was  a  bed  of  coarser  gravd  in  which  were  found  in 
1863,  a  little  distance  from  the  place  of  this  section,  pelvic  bones  which  have 
been  referred  to  the  deer. 

"The  parts  of  the  section  above  this  are  of  beach  or  bar  structure  and  need 
no  particular  description.  Specimens  of  the  coniferous  wood  from  the  soil  A , 
and  of  the  oak  from  5,  were  sent,  in  1890,  to  Prof.  D.  P.  Penhallow,  of  MagiU 
University,  Montreal,  who  on  examination  microscopically  replies,  "No.  1 
is  not  an  Arbor  Vitae,  but  a  Picea,    Both  this  and  the  oak  cannot  be  referred 
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to  any  modem  species,  though  the  former  approaches  P.  sUchensiSy  and  the 
latter  Q.  falcata  and  Q,  primus. " 

"The  genus  Picea  (spruce)  does  not  now  grow  within  several  hundred  miles 
fn»n  the  locality,  and  the  species  of  oaks  which  are  now  found  upon  the  sur- 
face of  the  ridges  are  neither  falcata  nor  primus.  The  indication  is  that 
previous  to  the  beginning  of  the  Recent  beach,  a  climate  and  flora  prevailed 
like  that  in  Alaska.  Then  when  the  peat  began  to  form  at  the  time  as  indi- 
cated by  the  peat  layer  at  4,  the  spruces  had  disappeared  and  a  species  of  oak 
had  taken  their  place,  and  now  these  have  disappeared  and  other  oaks  have 
replaced  them.  This  lower  soil  in  the  section  at  A,  l3ang  upon  the  clay,  indi- 
cates a  time  when  the  surface  of  the  waters  were  as  low  relatively  to  the  land 
at  this  place  as  now.  Afterwards  the  waters  rose  as  high  as  the  Upper  beach. 
After  the  Upper  beach  was  formed,  the  waters  subsided  to  the  Middle  beach, 
and  again  to  the  Recent  beach.  The  coniferous  wood  probably  grew  before 
Lake  Michigan  was  definitely  formed. 

"The  oak  is  not  completely  decayed.  The  outside  wood  of  the  trunks  is 
spongy,  but  the  central  portions  are  tough  and  fibrous.  Borers  then  as  now 
infested  the  trees. 

"Horizon  5,  just  above  the  peat,  marks  the  upper  or  later  limit  of  the 
Mastodon.  It  was  on  this  soil  about  six  years  ago  that  the  bones  of  a  mastodon 
were  found  in  Chicago,  on  the  south  side  of  Wicker  Park  near  Milwaukee 
Avenue.  They  were  covered  by  thirteen  feet  of  silt,  or  as  Dr.  Andrews  sug- 
gests, loess.  The  bones  consisted  of  part  of  a  jaw,  teeth,  and  parts  of  a  few 
other  bones,  and  are  now  in  the  collection  of  the  Chicago  Academy  of  Sciences." 
There  is  in  the  Museum  of  the  College  of  Liberal  Arts  of  the  Northwestern 
University  a  fragment  of  fossil  ivory  received  from  the  late  James  L.  Milner, 
afterward  connected  with  the  U.  S.  Fish  Commission,  taken  from  a  gravel  pit 
excavated  in  X39t  Middle  beach  in  Evanston  when  the  Milwaukee  Branch  of 
the  C.  &  N.  W.  R.  R.  was  constructed.  From  what  level  it  was  taken,  is 
not  now  known.  The  pit  appears  to  have  been  excavated  to  the  day,  and  the 
fossil  was  probably  on  the  same  stratum  as  that  at  Chicago. 

"There  is  no  positive  evidence  that  the  waters  of  the  lake  were  salt  water 
at  the  time  the  Upper  beach  was  deposited.  No  shells  have  been  foimd  in  the 
beach  by  which  the  character  of  the  waters  could  be  determined,  but  the 
presence  of  sea  shore  plants  now  upon  the  lake  shore,  and  the  existence  of  the 
marine  Mysis  in  the  waters  of  the  lake,  indicate  that  at  some  time,  salt  water 
has  existed  where  Lake  Michigan  now  is.''  The  old  bay  of  the  lake  whose  mar- 
gins are  marked  by  the  Upper  beach,  left  some  silt  on  its  bottom,  and  in  these 
silts  have  been  found  fresh  water  Unios.    We  have  fragments  of  such  shells 

^  A  careful  search  has  failed  to  reveal  the  specimens  mentioned. 

"  This  statement  is  not  borne  out  by  later  investigations.  There  is  no  reason  to  believe 
that  the  waters  of  the  lake  were  ever  salt. 
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taken  from  the  silts  at  the  comer  of  West  Monroe  and  Morgan  streets  in 
Chicago/' 

Higley  and  Raddin  recognize  a  low  water  stage,  but  place  it  previous  to 
the  formation  of  the  Glenwood  beach,  whereas  the  evidence  now  at  hand  leads 
to  the  conclusion  that  the  low  water  stage  followed  the  Glenwood  beach  forma- 
tion and  that  the  waters  rose  subsequently  only  to  the  Calumet  beach  level 
These  authors  also  call  attention,  apparently  for  the  first  time,  to  changes  of 
climate  during  the  existence  of  Lake  Chicago,  as  evidenced  by  the  remains  of 
the  oak  and  spruce. 

1895.  X7PHAM.^^Mr.  Upham  thus  writes  of  the  organic  remains  contained 
in  the  deposits  at  Evanston:  "Fresh-water  shells  are  found  abundant  in  the 
15-foot  beach  at  Evanston  and  elsewhere  southward  through  Chicago.  AU 
species  obtained,  representing  ten  or  more  genera,  are  still  living  in  this  r^on. 
Wood  of  oak  and  cedar,  and  the  thigh  of  a  deer,  have  been  also  found  in  the 
same  beach  at  Evanston. "  The  peat  bed  of  the  15-foot  beach  is  also  recog- 
nized by  this  author  as  having  been  formed  before  the  30-foot  or  middle  beach. 

1897.  LEVERETT.^ — In  this  paper  Mr.  Frank  Leverett  presents  considerable 
information  concerning  the  presence  of  life  in  the  deposits  under  discussion. 

Glenwood  stage  (pp.  70-71) 

Mr.  Leverett  discusses  the  gravel  pit  at  Oak  Park  (Mr.  Haas')  and  gives 
the  same  section  published  in  his  previous  paper  (see  1888).  Mr.  Leverett 
comments  further  on  the  moUuscan  shells.  "Upon  visiting  the  region  again 
and  inquiring  particularly  into  the  circumstances,  there  seems  little  question 
that  the  shell  was  picked  up  near  the  base  of  the  pit  by  some  of  the  workmen, 
but  it  was  found  that  there  are  a  few  Indian  graves  on  the  bar,  which  extend 
down  nearly  to  the  level  of  the  base  of  the  pit.  The  shell,  therefore,  may  have 
been  introduced  at  the  time  of  bimal  of  some  brave  warrior,  or  it  may  have 
been  of  more  recent  introduction.  This  is  apparently  the  only  place  along  the 
entire  length  of  the  upper  beach  where  molluscan  shells  have  been  found,  and 
this  negative  evidence  strengthens  the  view  that  the  shells  at  this  point  may 
be  intrusions.  Remains  of  terrestrial  Ufe  have  also  been  found  here.  Mr. 
Haas  preserved  fragments  of  the  tooth  of  a  mammoth  found  in  the  gravel  pit 
at  a  depth  of  several  feet.  These  fragment  are  waterwom,  and  it  seems, 
therefore,  quite  probable  that  they  were  imbedded  during  the  formation  of  the 
beach. 

Post^lenwood  Law  Water  Stage  (page  71) 

"After  the  Glenwood  beach  was  formed  the  lake  appears  to  have  with- 
drawn from  the  plain  between  the  beach  and  the  shore  of  Lake  Michigan,  in 
Illinois.    How  much  farther  north  it  withdrew  is  not  accurately  detennin^. 

^  Amer.  Joum.  ScL,  (iii),  XLIX,  p.  6, 1895;  23id.  An.  Rep.  Geol.  Surv.  Min.  p.  168, 1895. 
»  BuU  Nat.  Hist.  Surv.,  Chi.  Acad.  Sci.,  II. 
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Ptofessor  Chamberlin  recognized  evidence  of  emergence  between  the  formation 
of  this  beach  and  the  second  beach,  in  Southeastern  Wisconsin.  That  it 
withdrew  so  much  in  the  northern  end  of  the  Lake  Michigan  basin  as  in  the 
southern  seems  improbable  from  the  evidence  drawn  from  tilting,  it  being  found 
by  Mr.  F.  B.  Taylor  that  that  portion  of  the  basin  has  been  uplifted  more 
than  the  southern.  Whether  this  emergence  is  to  be  connected  with  the  lake 
stage,  known  as  the  Algonquin,  is  not  yet  ascertained,  though  that  seems  a 
probable  correlation. 

"The  evidence  for  this  emergence  within  the  Chicago  area  is  fotmd  in  beds 
of  peaty  material  that  occur  beneath  gravel  of  the  succeeding  lake  stage,  as 
kmg  since  noted  by  Dr.  Andrews  and  discussed  in  his  paper  cited  above.  In 
Wisconsin  the  evidence  is  in  day  beds,  which  seem  to  have  been  left  in  a  retiring 
water  body,  and  which  are  covered  by  beach  deposits  of  the  succeeding  lake 
stage,  as  pointed  out  by  Prof.  Chamberlin  in  his  official  report  of  the  Wisconsin 
Geological  Survey.  There  is  need  for  further  study  of  this  interval  in  the  lake 
history  before  conclusions  of  much  consequence  can  be  drawn. 

"An  exceUent  exposure  of  the  structure  of  the  bar  noted  above  (Calumet 
beach)  is  found  immediately  north  of  Evanston,  where  the  lake  is  undermining 
the  bar  as  well  as  subjacent  deposits.  The  beach  sands  and  gravels  rest  upon 
a  bed  of  peat,  which  was  noted  by  Dr.  Andrews  and  inteipreted  by  him  to  be 
the  accumulation  of  a  marsh  or  partially  submerged  land  surface.  The  peat 
not  only  underlies  the  bar  under  discussion,  but  extends  eastward  across  the 
interval  between  it  and  the  Third  beach.  Its  level  is  no  higher  than  that  of  the 
IJiird  beach,  being  but  12  to  15  feet  above  the  present  level  of  Lake  Michigan. 
The  peat  is  in  places  several  feet  thick,  but  at  the  point  where  the  bar  comes 
out  to  the  lake  shore  it  has  a^thickness  of  only  3  to  6  inches.  It  contains  pieces 
of  mangled  wood  and  has  been  disturbed  by  waves.  Between  the  peat  and 
the  yeDowish  blue  till,  which  forms  the  base  of  the  exposure,  there  is  a  gravelly 
sand  6  to  18  inches  in  thickness,  which  appears  to  be  a  lacustrine  deposit. 
The  peat  is  immediately  overlain  by  about  5  feet  of  sand,  above  which  there 
is  a  bed  of  coarse  gravel.  The  gravel  is  thin  near  the  borders  of  the  bar,  but 
has  a  thickness  of  11  to  12  feet  beneath  the  highest  part  It  is  capped  by  a 
thin  deposit  of  sand  and  has  layers  of  sand  interstratified  with  it  in  its  thickest 
part  The  presence  of  this  gravel  makes  it  impossible  to  suppose  that  the  old 
land  surface  has  been  buried  by  the  drifting  of  material  from  the  lower  beach. 
There  seems  no  escape  from  the  conclusion  that  the  lake  stood  at  a  lower  stage 
than  the  level  of  the  second  beach  before  that  beach  and  the  bar  under  discus* 
sion  were  formed. '' 

Calumet  Stage  [page  73) 

"Occasional  reports  of  the  discovery  of  a  moUuscan  shell  in  this  beach  have 
come  to  my  notice,  but  none  have  been  personally  noted.  In  this  respect  it 
is  similar  to  the  upper  beach,  and  in  striking  contrast  with  the  next  lower  beach, 
which  is  full  of  fossils.  ** 
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Toleston  Stage  (pages  76-77) 
Leverett  refers  to  the  section  studied  by  Marqr  in  1864  and  adds  a  section 
studied  by  himself  in  1887,  after  the  beach  had  been  eroded  from  75  to  100  feet 
rplate  IV,  11). 

Section  of  Beach  at  Evanstan  made  in  1864 

1.  Surface  soil,  sandy ly^  feet 

2.  Brown  sand  and  fine  gravel 2Ji  " 

3.  Coarser  gravel,  stratified 2)^  " 

4.  Fine  sand 2  " 

5.  Gravel,  containing  bones  of  deer 1  1/3  " 

6.  Fine  sand,  containing  oak  logs 1 J4  " 

7.  Peat  or  carbonaceous  earth  with  a  marl  bed  containing  molluscan  shells  in  the 

lower  portion  or  interstratified  with  the  peat 1 J^       " 

8.  GraveL 3Ji       " 

9.  Humus  soil,  with  stumps  and  logs  (coniferous) )^       " 

10.  Yellow  day,  laminated  and  contorted,  containing  pockets  of  gravel 3)^       " 

11.  Blue,  pebbly  clay 2  " 

Height  of  bluff 22        feet 

Section  of  Beach  at  Evanstan  in  1887 

Feet        Inches 

1.  Yellowish-red,  iron-stained  sand 3  to  5 

2.  Band  of  bog  iron  ore,  granular 4  to  6 

3.  Gravel,  with  beds  of  sand  included  (the  stratification  is  very  irregu- 

lar in  thickness  and  assorting  very  imperfect) 5  to  7 

4.  Coarse  sand,  not  calcareous 6  to  12 

5.  Calcareous  loam 3 

6.  Yellow  clay,  very  calcareous,  with  leaves  imbedded 3 

7.  Carbonaceous  bund,  not  calcareous % 2 

8.  Yellow  calcareous  clay,  similar  to  No.  6 4  to  6 

9.  Band  of  carbonaceous  material,  not  calcareous 2 

10.  Brown  sand,  with  twigs  and  peaty  material 8  to  10 

11.  Water  bearing  sand  and  talus-coyered  slope 8 

Height  of  bluff 20  to  22  feet 

'^The  calcareous  clays  No.  6  and  8,  of  the  last  section,  and  Nos.  6  and  7  of 
Dr.  Marcy's  section,  contain  nimierous  gasteropod  shells.  Dr.  Marcy  has 
collected  a  large  number  of  shells  from  this  horizon,  among  which  there  are 
Unios,  apparently  of  several  different  species,  but  not  specifically  identified. 
Mr.  C.  T.  Simpson  has  identified  nine  different  genera  of  mollusks,  all  of  exist- 
ing species,  found  in  No.  7  of  Dr.  Marcy*s  section.  Planorbis  and  Lymnea  are 
ve^y  abundant.  Prof.  D.  P.  Penhallow  has  identified  two  wood  specimens,  one 
a  new  species  of  Picea  {Picea  evanstani),  the  other  a  new  oak  (Quercus  marcy  and) 
(I).  The  bone  of  the  deer,  foimd  by  Dr.  Marcy,  is  a  portion  of  the  femur.  The 
writer  has  found  many  localities  in  the  sandy  portions  of  this  beach,  where 
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moUuscan  shells  abound.  Nearly  every  exposure  in  the  sandy  district  west  of 
the  beach,  from  the  main  part  of  the  dty  of  Chicago  southward  to  Englewood 
exhibits  them.  This  beach  is,  therefore,  in  striking  contrast  with  the  two 
higher  beaches,  which  contain  few  remains  of  aquatic  life. 

"An  excellent  artificial  section  across  this  beach,  made  by  the  FuUerton 
avenue  conduit,  which  leads  from  the  Chicago  River  eastward  to  Lake  Michi- 
gan, across  the  north  part  of  Chicago,  is  discussed  above.  The  deposit  through- 
out is  mainly  sand,  but  some  gravel  is  encountered.  Shells  of  Unios  and  other 
mollusks  were  noted  at  frequent  intervals  throughout  nearly  the  whole  width 
of  the  deposit.  Beneath  these  beach  deposits  there  is  everywhere  a  pebbly 
blue-gray  clay,  apparently  an  unmodified  glacial  till.  Some  of  the  sewer  ditches 
in  Hyde  Park,  west  of  Grand  boulevard,  have  reached  peat  deposits  below  sand, 
at  a  level  a  few  feet  above  the  lake.  Wood  has  often  been  found  in  the  sand 
west  of  this  beach  in  Chicago. " 

The  sections  mentioned  above  contain  strata  referable  not  alone  to  the 
Toleston  stage,  but  to  the  previous  stage,  as  already  noted.  The  peat  deposits 
in  Hyde  Park  are  evidently  referable  to  the  Post-Glenwood  or  Bowmanville 
stage. 

1897.  BLATCHLEY."— Mr.  W.  S.  Blatchley  in  discussing  the  geology  of 
Lake  County,  mentions  glacial  Lake  Chicago.  On  page  38  silts  and  marly 
days  are  mentioned  but  no  organic  remains  are  recorded.  On  page  89  the 
presence  of  the  mammoth  and  mastodon  are  noted. 

1898.  BAEER.^^ — ^Mr.  Frank  C.  Baker  mentions  the  following  species  as 
occuring  in  postglacial  deposits: 

Quadrttla  trigona.    Comer  Wrightwood  Avenue  and  North  Clark  Street. 
Quadnda  undidala.    Comer  Frederick  and  North  Clark  streets. 
Quadrula  species.    Hall  Street. 

These  three  species  were  found  in  excavations  for  buildings. 

PUurocara  elevaktm.    Comer  Sheffield  and  Lincoln  avenues. 
Gamobasis  livescens,  '  Comer  Sheffield  and  Lincoln  avenues. 
Gonicbasis  livescens,    Balmoral  Avenue  north  of  Bowmanville. 

At  Willow  Springs,  in  the  river  bank,  the  following  species  were  found : 

A  nodonta  grandis  Planorhis  trivoMs 

Unio  gibbosus  Physa  anciUaria  warreniana 

Quadnda  rubiginosa  Amnicda  limosa 

Spkaerium  simiie  '   Amnicola  emarginata 
Sphaerium  skunineum 

The  additional  species  mentioned  in  this  paper  belong  to  the  deposits  of 
the  recent  stage.    It  is  impossible  to  correlate  these  fossils  with  any  one  of  the 

"  An.  Rep.  Gcol.  and  Nat.  Res.  Ind.  XXII. 

"  Bull.  Nat  Hist.  Surv.,  Chi.  Acad.  Sci.,  Ill,  part  I,  p.  23. 
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deposits  of  the  lake  stages,  as  no  data  are  now  available  for  this  purpose.  The 
Unios  were  probably  taken  from  dqx>sits  of  the  Toleston  stage*  Some  of  the 
gastropods  were  evidently  from  the  Hammond  or  Englewood  stages. 

The  following  spedes  were  identified  for  Prof.  Marcy,  who  collected  them 
in  stratum  number  7  of  his  Evanston  section. 

Gaiba  pcluHfis  Pkysa  warremana 

Gaiba  caperata  Ancylus  spedes 

Galba  rejiexa  Gomobasis  liwexms 

PUmorhis  iHvolms  Pleurocera  detahtm 

■   1899.  SALISBURY  AND  ALDEN.^^ — ^In  this  publication  the  authors  make  refer- 
ence to  the  presence  or  absence  of  life  in  the  several  lake  stages. 

Genwood  Stage  (page  39) 

''No  satisfactory  evidence  of  life  has  been  found  in  the  waters  of  the  lake 
at  the  Glenwood  stage.  This  is  as  would  be  expected  in  waters  mostly  derived 
from  the  melting  of  the  great  ice-sheet " 

PostrGlenwaod  Low  Water  Stage  (page  40) 

Reference  is  made  to  an  interval  of  emergence  preceding  the  Calumet  stage 
but  no  life  is  recorded^ 

Calumet  Stage  (page  43) 

''In  connection  with  the  evidence  of  a  withdrawal  of  the  water  from  the  Chi- 
cago plain  at  the  close  of  the  Glenwood  stage,  and  its  consequent  submergence 
by  the  waters  of  the  Calumet  stage,  the  finding  of  evidences  of  life  in  these 
lake  deposits  is  of  especial  interest  The  occurrence  of  shells  in  the  Calumet 
beach  deposits  at  Summit  and  near  New  Buffalo,  Michigan,  has  been  reported, 
but  no  definite  information  has  been  secured  concerning  them.  The  only  place 
where  definite  evidence  of  life  has  been  found  about  Chicago  is  at  the  farm 
of  Mr.  J.  H.  Welch,  about  one  and  one-half  miles  southwest  of  Chicago  Lawn. 
The  Calumet  shore-line  was  spoken  of  as  being  marked  by  a  well-developed 
ridge  of  sand  and  gravel  swinging  in  a  broad  ciuve  from  Summit  southwestward 
about  the  north  end  of  the  Blue  Island  ridge.  In  Mr.  Welch's  field,  just  north- 
west of  the  point  where  this  ridge  is  cut  by  the  Bdt  Railway,  there  have  been 
found  numerous  molluscan  sheUs,  and  one  specimen  of  coral.  An  examination 
of  these  specimens  showed  them,  without  exception,  to  be  of  marine  species, 
whose  present  range  is  between  Prince  Edward  Island  and  the  West  Indies. 
With  the  specimens  which  could  be  identified  there  were  many  fragn^ents  so 
well  worn  and  thoroughly  perforated  as  not  to  permit  of  identification.  The 
character  of  the  evidence  which  these  shells  seem  to  afford  is  of  such  a  radical 
nature  as  to  exdte  great  interest,  and  condusions  must  be  drawn  with  extreme 
caution. 

^*  BuU.  Ged.  Soc.  Chicago,  I. 
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"The  question  is,  were  the  sheik  left  m  their  present  position  by  natural 
agencies?  To  say  that  they  reached  their  present  position  by  natural  means, 
is  to  say  that  the  waters  of  Lake  Chicago  at  the  Calumet  stage  were  salt  This 
would  seemingly  require  the  subsidence  of  this  and  surrounding  areas  to  such  a 
level  as  would  allow  the  incursion  of  the  sea  over  this  part  of  the  mterior  of  the 
continent,  and  their  subsequent  elevation  to  the  present  altitude  of  620  feet 
above  tide,  within  very  recent  geological  time. 

''It  is  true  that  this  is  not  the  first  or  only  suggestion  of  such  a  subsidence 
and  marine  incursion.  Dr.  R.  W.  Ells^'  of  the  Geological  Survey  of  Canada, 
has  recentiy  brought  forward  evidence  to  show  that  the  ocean  extended  west- 
ward throughout  the  upper  Ottawa  basin  in  post-glacial  time,  leaving  marine 
deposits  which  are  now  1000  feet  above  the  sea  level  Dr.  Bell*^  also  records 
the  presence  of  marine  deposits  north  of  Lake  Superior,  along  the  Kenogami 
River,  at  an  elevation  of  450  feet  above  sea  level.  It  is  not  unreasonable  that 
the  subsidence  of  the  area  about  Chicago  should  have  occurred  as  a  part  of  the 
more  general  subsidence  of  which  these  marine  deposits  to  the  north  and  north- 
east seem  to  be  evidence. 

''The  presence  of  the  fossils  mentioned  above  might  be  accounted  for  by 
artificial  introduction.  They  might  have  been  thrown  there  by  white  men  or 
introduced  in  a  fertilizer  used  on  the  soil.  The  weU-known  trading  of  the  In- 
dians of  the  northern  interior  with  the  south  and  east  coast  might  account  for 
their  having  been  left  here,  before  the  coming  of  the  white  men.  They  might 
have  been  left  on  the  beach  of  Lake  Chicago  by  the  Indians  of  that  time,  and 
have  been  water-worn  and  buried  by  the  waves  of  its  shore.  It  should  also  be 
noted  that  the  physical  relations  indicate  that  the  Calumet  beach  marks  the 
border  of  a  lake  which  seems  to  have  stood  sufficientiy  above  sea  level  to  mam- 
tain  a  strong  current  through  its  outiet,  which  seems  incompatible  witii  the 
occurrence  of  marine  life  in  its  waters. 

"On  the  other  hand,  the  water-worn  and  fragmental  condition  of  a  large 
part  of  the  marine  shells  found  on  the  Calumet  beach,  the  thorough  perfora- 
tion of  many  specimens  by  sea-borers,  the  occurrence  of  very  delicate,  tiny 
shells  in  the  sand  filling  the  coils  of  the  larger  gastropod  shells,  together  with 
the  statements  of  Mr.  Welch,  that  he  himself  cleared  the  ridge  of  its  native 
trees  and  underbrush,  broke  the  sod,  and  has  lived  there  for  nearly  thirty  years, 
that  he  never  used  any  fertilizer  containing  shells,  that  the  only  evidence  of 
Indian  residence  he  has  ever  f oimd  was  a  single  arrowhead^  that  he  has  ploughed 
up  and  gathered  the  shells  eVer  since  the  ground  was  broken — ^all  these  facts 
are  against  the  idea  of  an  artificial  introduction  of  the  shells,  and  favor  the  idea 
of  deposition  in  situ  by  marine  waters.  The  southern  range  of  all  the  species 
found  would  also  seem  to  preclude  the  idea  of  their  introduction  from  the  north 

"  Bull  Gcol.  Soc.  Amer.,  DC,  pp.  21 1-222,  Feb.  1898. 
>•  Report  of  Progress,  Can.  Gcol.  Surv.,  1895,  VI,  p.  340. 
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or  northeast,  for  the  shells  found  by  Drs.  Bell  and  Ells  are  all  of  Arctic  species. 
If  the  shells  be  evidence  of  an  incursion  of  the  sea,  their  occurrence,  so  far  as 
known  on  this  second,  or  Calumet  beach  only,  would  indicate  this  stage  (or  a 
part  of  it)  as  the  time  of  the  incursion,  and  the  southern  range  of  all  these 
species  at  the  present  day  would  indicate  that  the  incursion  was  not  from  the 
northeast  through  the  St.  Lawrence  embayment,  but  from  the  south,  through  a 
Mississippi  embayment. 

"In  view  of  these  apparently  conflicting  considerations,  final  judgment 
concerning  the  interpretation  of  the  shells  must  be  suspended  until  further 
evidence  is  forthcoming. " 

The  finding  of  marine  fossils  in  the  fields  near  Chicago  Lawn  raised  a  serious 
question  as  to  their  origin.  The  presence  of  certain  crustacea(Jfyn5)  in  the 
lake  as  well  as  of  such  plants  as  the  beach  pea  (Latkyrus  mariHtnus),  the  beach 
plum  (Prunus  fnariHmd)^  and  the  seaside  spurge  {Euphorbia  poligonifolia) 
has  led  several  writers  to  the  conclusion  that  the  waters  of  Lake  Michigan  were 
once  salt.  The  presence  of  these  plants  and  crustaceans  are,  however,  not 
sufficient  evidence  on  which  to  build  a  theory  of  this  kind.  At  first  it  might  be 
thot  that  the  fossil  shells  found  on  Mr.  Welch's  farm  offer  indubitable  evidence 
of  the  presence  of  marine  waters  at  this  stage  of  postglacial  history  There 
are,  however,  several  physical  factors  to  be  taken  into  account.  The  species 
recorded  are  all  of  southern  distribution,  living  plentifully  in  the  Gulf  of  Mexico 
or  the  waters  of  the  Atlantic  Ocean  bordering  the  southern  and  southeastern 
coast  of  the  United  States.  Therefore,  the  incursion  of  the  sea  must  have  been 
from  the  south  by  way  of  the  Mississippi  Valley  and  not  from  the  northeast 
by  way  of  the  St.  Lawrence  Valley.*^  If  there  was  such  an  incursion,  there 
should  certainly  be  evidences  in  the  territory  lying  to  the  south  of  the  area  in 

"  The  q)ecie8  found  on  Mr.  Welch's  £aim  are  noted  below.  A  list  of  a  few  species  from 
the  Montreal  marine  deposits  is  also  given,  in  a  parallel  column;  the  difference  in  the  two 
faunas  is  at  once  manifest. 

Chicago  Montreal 

Mollusks  Mollusks 

Ostrea  virginica  Saxicava  arctica 

Area  transversa  Mya  arenaria 

Venus  canceUatus  Mya  truncata 

Venus  mercenaria?  Macoma  baUhica  granlandica 

Pecten  sp.  (Chlamys  irradians?)  Cardium  gr<tnlandicum 

Gnaihodon  cuneatus  MytUus  edulis 

Fulgur  perversus  Chlamys  islandicus 

CerOhiufn  vptdes  (apical  whorls)  Acnuta  cocca 

Cerithiopsis  speden       "  "  Uttorina  paUiata 

Coral  Scala  grcadandica 

Oculina  rohusta  Lunalia  heros 

Trichatropis  boreaUs 
Buccinum  undaium 
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question;  but  no  evidence  has  been  found  which  would  support  such  a  conten- 
tion. All  available  data  lead  to  the  conclusion  that  the  shells  found  on  Mr. 
Welch's  farm  were  not  dqxfeited  there  by  natural  means.  If  this  be  true 
then  how  did  the  shells  come  to  be  in  their  present  location? 

Some  time  ago,  (1910)  Mr.  A.  Scharf,  an  archaeologist  who  spends  consider- 
able time  locating  Indian  camp  sites,  discovered  a  few  marine  shells  at  Palos 
Springs,  in  a  deposit  300  feet  west  of  the  postoffice.  This  is  on  the  Glenwood 
beach,  and  would  lead  to  the  conclusion  that  the  waters  of  this  stage  were  salt. 
Four  species  were  found:  Area  panderosa,  Cardium  muricaium,  Ostrea  virginica, 
and  Venus  cancdlatus.  The  last  two  species  were  also  found  in  the  Chicago 
Lawn  deposit,  but  the  first  two  are  new.  All  are  9uthem  spedes.  With 
these  were  foimd  flint  chips  I  It  seems  quite  evident  from  subsequent  study, 
that  all  of  these  marine  shells  were  artificially  introduced  by  man,  and  mark 
old  camp  sites.  The  specimens  were  doubtless  obtained  by  trading  with  the 
Indians  of  the  east  and  southeast,  and  were  used  for  making  wampum,  as  well 
as  ornaments.  The  Omaha  Indians  used  pieces  of  the  large  conch  shell  {Strom- 
bus  gigas)  to  ornament  the  robes  of  their  medicine  men.  The  writer  has 
observed  the  presence  of  03rster  shells  (Ostrea  virginica)  in  the  fields  bordering 
the  north  shore  channel,  especially  in  the  neighborhood  of  Bowmanville,  where 
Indian  relics  of  various  sorts  are  common.  Dr.  Stuart  Weller,  of  the  University 
of  Chicago,  has  examined  the  sand  contained  in  the  gastropod  shells  found  at 
Chicago  Lawn,  and  finds  it  to  be  different  from  the  sand  of  the  Calumet  beadby 
and  of  the  Chicago  r^on.  The  proof  of  artificial  origin  at  once  settles  the 
question  of  the  status  of  these  shells  and  removes  them  from  f turther  considera- 
tion in  connection  with  the  life  of  Lake  Chicago. 

Tdeston  Stage  (page  51) 

''In  striking  contrast  with  the  Glenwood  and  Caliunet  beaches,  the  Toles- 
Uxi  beach  contains  abundant  traces  of  life  closely  related  to  the  life  of  Lake 
Michigan,  if  not  identical  with  it." 

1899.  LEVEKETT.*' — Li  this  publication  reference  is  made  to  the  presence 
of  Ufe  in  the  old  beach  deposits. 

Glenwood  Stage  (page  440) 

The  statement  made  in  a  previous  work,  concerning  shells  in  Haas'  gravel 
pit,  is  repeated.  Leverett  adds:  ''Another  locality  in  which  supposed  Unio 
shells  have  been  reported  is  found  in  a  marsh  on  the  inner  side  of  the  beach 
north  of  New  Buffalo,  Michigan.  Mr.  Glavin,  fonnerlj^  county  surveyor  of 
Berrien  County,  reports  having  observed  shells  as  large  as  the  ordinary  dam 
shell  in  ditching  near  the  borders  of  this  marsh.  He  has,  however,  preserved 
none  of  the  shells,  and  possibly  may  be  mistaken  in  his  identification.    So  far 

*>Monognph  3S,  U.  S.  GeoL  Suxv.,  Cluster  XI. 
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as  known  to  the  writer,  these  are  the  only  places  along  the  entire  length  of  the 
ui^)er  beach  where  molluscan  shells  have  been  reported,  and  none  have  been 
personally  found,  though  search  has  been  made  for  them  in  several  exposures 
and  excavations.  There  appears,  therefore,  to  have  been  a  great  scarcity  of 
mblluacan  life  in  this  stage  of  Lake  Chicago. "  The  deposit  spoken  of  above 
should  probably  be  referred  to  the  Toleston  stage,  as  herein  understood,  and 
not  to  the  Glenwood  stage.  This  marsh  was  probably  a  long,  narrow  bay, 
occupying  the  territory  now  drained  by  the  Galien  River. 

Interval  of  Emergence  (page  440) 

A  low  water  Post-Glenwood  stage  is  recognized,  the  data  presented  in  a 
previous  paper  (1897)  being  repeated. 

Calumet  Stage  (page  444) 
The  statement  of  1897  is  repeated. 

Second  Emergence  (page  446) 

A  second  period  of  emergence  (possibly  preceding  the  Algonquin  Lake 
stage)  is  recognized. 

Toleston  Stage  (page  450) 

The  information  contained  in  the  previous  paper  is  repeated. 
1902.  ALDEN.*" — In  the  Chicago  Folio,  Alden  repeats  the  statements  made 
in  the  Bulletin  of  the  Chicago  Geographic  Society  (1899). 

1905.  ANDERSON.** — In  this  paper,  attention  is  called  to  the  finding  of 
proboscidian  fossils  in  Cook  County. 

''Evanston. — ^The  tooth  of  a  manunoth  was  taken  from  a  gravel  pit  near 
Evanston.    It  was  placed  in  the  museum  of  the  Northwestern  University. 
(Reported  by  Prof.  U.  S.  Grant,  Northwestern  University) 

''Gkncoe. — ^A  fragment  of  a  mastodon  tooth  four  and  three-fourths  inches 
l<mg  was  dug  up  fay  Mr.  James  Robertson  while  ditching  in  glacial  drift  at 
Glencoe.    The  fragment,  which  was  from  the  proximal  end,  is  now  in  the 
possession  of  Mr.  Walter  O'Neill  of  Lake  Forest. 
(Rqx>rted  by  Prof.  James  G.  Needham,  formerly  of  Lake  Forest  CoUege) 

1906.  GOLDTHWAIT*  (page  420)  calls  attention  to  the  shells  found  by  Dr. 
Marcy  and  others  in  the  Toleston  beach  at  Evanston,  remarking  that  the 
presence  of  these  moUusks  indicates  a  lake  with  less  frigid  waters  than  during 
the  Calumet  or  Glenwood  stages. 

1907.  GOiDTHWAiT*  (page  1 18)  mentions  the  presence  of  life  hi  the  Toleston 
beach  at  Evanston,  and  says,  ''Li  the  deposits  of  the  24-foot  beach  at  Evanston, 

»  U.  S.  Gcol.  Surv.,  Atlas  No.  81. 

**  Augustana  Library  Publications,  No.  5, 1905. 

»  Joum.  of  Geology,  XIV,  pp.  411-424. 

*  Bull.  Wis.  Geol.  Be  Nat.  Hist.  Surv.,  XVH,  1907. 
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a  considerable  number  of  small  shells  was  collected  by  the  writer,  which 
confinn  the  earlier  observations  of  Marcy,  Alden,  and  others,  that  the  Toleston 
beaches  show  abundant  signs  of  life.  The  shells  are  all  of  exbtiog  fresh-water 
types.  As  no  such  fossils  have  been  discovered  in  the  40  to  60-foot  beaches  of 
Lake  Chicago^  it  is  inferred  that  the  24-foot  stage  was  one  whose  waters  were 
not  frigid,  as  in  Lake  Chicago,  but  in  which  the  Chicago  district  was  much 
more  remote  from  the  ice,  as  was  the  case  in  Lake  Algonquin.  Shells  of  similar 
species,  but  of  larger  size,  were  also  found  in  April,  1906,  in  beach  ridges  of  the 
Algonquin  group  (18  feet  above  the  lake)  at  Huronia  beach,  near  Port  Huron; 
and  they  have  been  collected  bom  the  Algonquin  beach  in  other  parts  of  eastern 
Blichigan,  by  C.  A.  Davis  and  other  members  of  the  Michigan  Geological 
Survey." 

The  apedes  of  shells  from  the  beach  at  Evanston,  as  identified  by  Mr. 
Bryant  Walker,  are  as  follows: 

VahaSa  tricoHnata  Planorfns  parvus 

Ammcda  Umosa  Pisidium  (J  species) 

1908.  GOLDTHWAiT.^— Life  during  the  Calumet  stage  is  suggested  by 
Goldthwait,  who  sa3rs  (page  63),  ^'Near  Beach  station  the  Calumet  ridge  ap- 
pears on  the  brink  of  the  Toleston  blu£F,  and  runs  northward  with  short  inter- 
ruptions to  the  State  line,  never  far  fiom  the  bluff  of  the  lower  stage.  Through 
Zion  City  it  is  followed  by  Elizabeth  Avenue.  Near  Winthrqp  Harbor  it  was 
cut  away,  during  the  Toleston  stage,  for  half  a  mile.  Although  usually  a  low, 
faint  feature,  and  subdued  by  ploughing,  it  is  broad  and  strong  between  Zion 
City  and  the  Camp  Logan  road.  Here  a  peaty  deposit,  lying  between  the 
Glenwood  and  the  Calumet  beach  ridges,  contains  a  great  abundance  of  fresh 
water  shells. 

"  Since  these  shells  are  all  of  living  species  and  none  have  been  found  either 
here  or  elsewhere  within  stratified  deposits  of  the  Calumet  beach,  they  seem 
not  to  belong  to  Calumet  time,  but  rather  to  the  present.  There  are  no  certain 
traces  of  life  in  the  lake  during  the  Glenwood  and  Calumet  stages." 

The  molluscan  species,  as  identified  by  Btyant  Walker,  are  as  follows: 

Galba  refiexa  Planorbis  trivolvis 

Physa  dUptica  "        hicarinatus 

Pisidium  species  "       parvus 

The  shell  deposit  cited  above  is,  as  suspected  by  Goldthwait,  quite  recent, 
representing  the  bed  of  a  swale  or  summer-diy  pond.  The  writer  has  examined 
many  such  deposits  in  this  and  other  localities. 

Life  during  the  Toleston  stage  is  reported  as  abimdant  by  Goldthwait.  Of 
the  sections  observed  on  the  campus  of  the  Northwestern  University,  he  says 
(page  65):  "A  recent  cross-section  in  the  bluff,  where  the  ridge  runs  out  to  the 

^  BuIL  BL  State  GeoL  Sorv.,  No.  7, 1908. 
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lake,  showed  one  foot  of  peat  about  5  feet  above  the  kke,  beneath  the  Toleston 
gravels.  Below  the  peat  is  a  compact  deposit  of  very  fine  gray  sand  of  un- 
known depth.  A  single  shell  was  found  in  the  sand  close  to  the  peaty  la3^er. 
A  section  studied  by  Leverett  in  1888  showed  similar  peat  layers,  with  asso- 
ciated shell-bearing  clays  nine  feet  above  the  lake.  Dr.  Oliver  Marcy,  in 
1864,  made  a  record  of  an  exceptionally  good  exposure  in  the  cliffs,  which  were 
then  unprotected  by  the  piers  and  artificial  beach.  The  peat,  a  clay  bed  con- 
taining moUuscan  shells  of  nme  genera  (all  existing  species)  was  found  ten  feet 
above  the  lake.  Farther  down,  on  the  contorted  glacial  days,  was  found  a 
'humus  soil,  with  stumps  and  log  (coniferous),'  six  inches  thick  and  buried  by 
three  feet  of  gravel.  A  cellar  excavation  on  Davis  Street,  Evanston,  recently 
showed  a  peat  bed  between  the  boulder  clay  and  the  over-l3ang  Toleston  gravels 
and  sands.  Minute  fibrous  rootlets  could  be  seen  penetrating  the  till  at  the 
base  of  the  peat,  indicating  that  the  deposit  is  in  sUu,  presumably  a  land  sur- 
face beposit.  If  so,  it  registers  a  stage  of  low  water  preceding  the  Toleston. 
A  marl  bed  near  the  Toleston  gravels  here,  contains  an  abundance  of  shells. " 

The  deposits  cited  above  probably  belong  to  several  stages  and  should  not 
all  be  referred  to  the  Toleston  episode. 

1910-1912.  BAKER.** — ^The  papers  of  this  author  outline  the  postglacial 
life  of  the  Chicago  region  substantially  as  presented  in  the  present  work. 

1912.  HAY.'" — ^In  this  paper  Hay  discusses  the  Pleistocene  Period  and  it> 
vertebrates  and  incidentally  refers  to  a  skeleton  of  Amia  calva  from  the  bed  cf 
Lake  Chicago  and  the  presence  of  the  mastodon  and  mammoth  in  parts  of 
Cook  County,  Illinois,  and  Lake  and  Porter  counties,  Indiana. 

1914.  PEATTiE.'* — ^In  this  paper  reference  is  made,  incidentally,  to  peat 
deposits  and  other  evidences  of  life.  Some  of  these  may  be  interglacial.  It  is 
evident  that  much  valuable  information  has  been  available  from  these  well- 
boring  and  excavation  records  which  has  not  been  made  to  bear  more  directly 
on  these  problems  of  Pleistocene  life  distribution  because  the  material  has  not 
been  examined  by  those  trained  to  interpret  such  data. 

1915.  LEVERETT**  Comments  as  follows  on  the  peaty  deposits  found  at 
Evanston  and  Bowmanville:  '^Deposits  of  peaty  material  found  under  portions 
of  the  Calumet  beach  have  been  interpreted  to  signify  that  the  lake  level  stood 
lower  than  the  Calumet  beach  at  a  time  prior  to  the  development  of  that  beach. 
A  conspicuous  burial  of  peat  under  the  gravel  of  the  Calumet  stage  of  the  lake 
is  found  in  Evanston,  lU.,  where  the  gravel  extended  southward  as  a  bar  into  a 
bay  that  stood  back  of  the  present  city.  A  recent  exposure  of  peat  below  the 
Caliunet  beach  at  Bowmanville  is  noted  by  F.  C.  Baker.    However,  although 

«•  Science,  n.s.,  XXXI,  pp.  715-717,  1910;  Trans.  111.  Acad.  ScL,  IV,  pp.  108-116,  1912 
^  36th  An.  Rep.  Dept.  Geol.  &  Nat  Res.  Ind.,  pp.  552,  710;  700-750, 1912. 
»•  Joum.  Western  Soc.  Eng.,  XIX,  pp.  590-611,  1914. 
»  Mon.  53,  U.  S.  Geol.  Surv.,  p.  356, 1915. 
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the  presence  of  peat  under  the  gravel  suggests  a  lower  stage  of  water  it  can 
scarcely  be  said  to  prove  it  conclusively,  for  a  bar  might  be  extended  out  over 
a  peaty  deposit  standing  at  the  same  level  as  the  lake  and  might  press  it  down 
and  thus  give  it  a  lower  level  than  it  had  while  in  process  of  growth.  At  the 
Evanston  locality  this  interpretation  would  seem  vety  plausible,  for  the  bar 
was  built  out  into  water  of  considerable  depth  by  southward  moving  currents. 
Other  peaty  dqx>sits  are  extensively  covered  by  the  gravels  of  the  Calumet 
beach  along  the  bluff  of  Lake  Michigan  between  Michigan  City,  Ind.,  and  New 
Bufiialo,  Mich.  In  this  place  there  seems  to  have  been  no  bar,  but  a  regular 
beach.  The  peat  ranges  from  about  15  feet  above  the  lake  down  to  the  water's 
edge.  The  layers,  few  of  which  are  more  than  6  inches  thick,  are  interbedded 
with  sand.  One  layer  standing  12  to  15  feet  above  the  lake  is  traceable  con- 
tinuously for  fully  half  a  mile  along  the  shore  about  2  miles  southwest  of  New 
Buffalo.  Near  Michigan  City  the  peaty  layers  are  continuous  just  above  the 
water's  edge  for  a  mile  or  more.  Pebbly  sand  above  the  peaty  beds  in  places 
reaches  an  elevation  of  30  feet  or  more  above  the  lake  or  nearly  to  the  level  of 
the  Calumet  beach.  The  sand  evidently  was  deposited  during  the  devek^ 
ment  of  that  beach  and  the  peat  is  certainly  as  old  as  the  beach.  The  beach 
may  have  been  extended  out  over  a  peaty  deposit,  as  was  suggested  in  the  case 
of  the  Evanston  deposits,  but  the  conditions  on  the  whole  do  not  strongly  favor 
this  view.  If  a  lower  lake  level  preceded  the  development  of  the  Qdumet 
beach  other  evidence  than  that  from  the  buried  peat  deposits  should  be  found. 
For  instance,  the  valleys  which  entered  the  lake  at  this  lower  stage  should  have 
been  cut  to  a  level  below  the  Calumet  beach  and  then  the  beach  should  have 
been  built  across  the  beds  of  these  channels  as  the  Whittlesey  beach  was  across 
the  valleys  that  were  cut  to  the  level  of  Lake  Arkona  in  eastern  Michigan. " 

Of  the  Algonquin  beach  Leverett  says,*^  "The  Algonquin  beach  carries  in 
a  few  places  molluscan  shells,  and  this  beach  of  Lake  Chicago  is  in  places 
richly  supplied  with  these  shells.  In  this  respect  it  contrasts  with  the  Calumet 
and  Glenwood  beaches,  from  which  moUuscan  remains  have  as  yet  been 
reported  at  but  one  locaUty,  near  BowmanviUe,  north  oi  Chicago.  Sea  shells 
found  by  Alden  and  an  03rster  shell  found  by  the  writer  may  have  been  brought 
in  by  human  agencies. " 

Leverett  questions  the  interpretation  of  the  writer,  in  placing  the  peaty 
deposits  of  the  Chicago  r^on  in  a  stage  preceding  the  foimation  of  the  Calu- 
met beach.  The  data  for  such  interpretation  are  presented  in  the  following 
chapter. 

1916.  sudwosth"  mentions  the  occurrence  of  spruce  in  the  postglacial 
deposits  of  Chicago,  the  reference  being  from  Dr.  Berry,  to  whom  material 
was  sent  by  the  writer.    "Cones  of  both  Picea  canadensis  and  P,  marina,  the 

»  Bull  327,  U.  S.  Dept.  Agric,  p.  3,  1916. 
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white  spruce  and  black  spruce  of  today,  are  abundant  in  pos^ladal  dqx>sits 
at  Chicago,  ni." 

1917.  wsiGHT*^  seeks  to  explain  the  elevated  beaches  and  the  buried  peat 
deposits  by  the  varying  volume  of  water  flowing  through  the  di£ferent  outlet 
channels  across  Michigan.  ^'The  most  difficult  facts  to  account  for  are 
numerous  peat  deposits  underneath  the  Calumet  or  second  beach.  To  explain 
this  accumulation  of  peat  in  that  position,  resort  has  hetai  had  to  the  supposi- 
tion of  a  temporary  land  elevation. 

''But  a  simpler  explanation  follows  from  considering  the  variations  in 
amount  of  water  passing  through  the  Chicago  outlet,  occasioned  by  the  open- 
ing of  the  various  channek  giving  access  to  Lake  Michigan  of  the  vast  amount 
of  water  stored  up  in  the  glacial  lakes  which  occupied  the  Lake  Erie  basin. 
Lake  Maumee  stood  200  feet  above  Lake  Michigan  and  was  lowered  50  feet 
when  the  Ubly  outlet  was  opened.  Lake  Whittlesey  stood  150  feet  above 
Lake  Michigan  and  extended  over  an  area  of  several  thousand  square  miles. 
This  was  lowered  50  feet  on  the  opening  of  the  Saginaw  outlet.  Lake  War- 
ren stood  100  feet  above  Lake  Michigan  and  covered  an  area  much  larger 
than  Lake  Whittlesey,  and  it  was  lowered  to  approximately  the  present  level 
when  the  retreat  of  the  ice  opened  the  Mackinac  channel." 

The  opening  of  these  outlets  to  the  Grand  River  outlet  probably  added 
somewhat  to  the  volume  of  water  flowing  thru  the  Chicago  outlet,  but  this 
volume  was  not  great  ^ough  to  account  entirely  for  the  different  stages  of 
Glacial  Lake  Chicago.  The  low  water  stage  during  which  the  peat  deposits 
were  formed  did  not  occur,  probably,  imtil  after  the  Lake  Whittlesey  episode. 
It  is  possible  that  the  low  water  stage  was  coincident  with  the  Lake  Wayne 
stage  of  the  Ontario  basin  and  that  the  subsequent  elevation  to  the  Lake 
Warren  level,  and  the  shifting  of  the  outlet  to  the  Grand  River  Valley,  caused 
the  rising  of  the  Lake  Chicago  waters  to  the  Calumet  beach. 

1918.  AUOEN.*^ — ^In  the  discussion  of  the  Quatemaiy  geology  of  south- 
eastern Wisconsin,  this  author  devotes  considerable  space  to  the  glacial  stages 
of  Lake  Chicago,  the  shorelines — Glenwood,  Calumet,  Toleston — ^being  de- 
scribed as  in  the  papers  of  Leverett,  Alden,  Goldthwait,  Salisbury,  and  At- 
wood,  previously  mentioned.  The  statements  relative  to  Lake  Chicago  and 
those  bearing  on  the  postglacial  and  interglacial  life  considered  in  this  volume 
are  discussed  in  several  places  in  the  following  pages. 

m.  SuioiA&Y 

A  study  of  the  literature  relating  to  the  postglacial  history  of  the  Chicago 
R^on  shows  that,  while  considerable  information  has  been  accumulated 
concerning  the  biota  of  the  old  lake  basin,  little  or  no  systematic  field  work  has 

M  BuU.  Geol.  Soc.  Amer.,  XXVm,  p.  142, 1917. 

»  U.  S.  G.  S.,  Prof.  Paper  106,  pp.  135, 136,  31(M12,  326^39. 
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been  earned  on  especially  relating  to  this  subject.  The  lack  of  our  knowledge 
of  this  subject  is  probably  due  to  the  fact  that  the  majority  of  the  workers  and 
students  n  this  field  have  been  geologists  interested  mainly  in  the  stratign4>hy 
and.ph3rsiography  of  the  area.  That  a  systematic  study  of  other  parts  of  this 
and  other  regicms  would  produce  notable  additions  to  our  knowledge  is  evi- 
denced by  the  results  obtained  by  the  writer  from  a  systematic  examination 
and  study  of  the  dqx)sits  exposed  in  the  drainage  ditches  and  other  excavations 
made  in  t  he  Chicago  Area,  which  are  described  in  the  following  chapter. 


CHAPTER  n 

DETAILED  STUDY  OF  THE  SEDIMENTARY  DEPOSITS  OF  THE 

LAKE  CHICAGO  BASIN 

I.  Gek^^ral  Statement 

A  careful  study  in  great  detail  was  made  of  the  n<n*th  shore  channel  during 
its  construction,  upwards  of  63  distinct  section  stations  being  established. 
A  laiger  number  of  intermediate  check  examinations  were  also  made.  These 
sections  cover  a  distance  of  over  eight  miles,  and  pierce,  for  the  most  part,  the 
bed  of  an  ancient  bay  of  Lake  Chicago,  known  as  Wihnette  Bay.  These  studies 
have  been  siq)plemented  by  investigations  in  other  parts  of  the  region,  in  the 
aggregate  covering  a  large  part  of  the  old  bed  of  glacial  Lake  Chicago. 

Measurements  are  in  inches.  Each  section  is  divided  into  nmnbered  strata, 
the  stratum  of  each  section  being,  for  the  most  part,  correlated  in  number 
with  the  same  level  of  the  other  sections.  The  biological  remains  of  each  stra- 
tum are  tabulated  for  all  sections  where  evidences  of  life  were  found. 

II.  The  North  Shore  Channel  (Plate  11) 

The  north  shore  channel  of  the  Chicago  drainage  system  extends  about  eig^t 
miles  north  of  Foster  Avenue,  Bowmanville,  uniting  with  Lake  Michigan  be- 
tween North  Evanston  and.  Wihnette,  just  north  of  Gross  Point  The  channel 
is  cut  in  the  bed  of  along  bay  which  formed  a  part  of  glacial  Lake  Chicago. 
The  sedimentary  strata, — sand,  gravel,  and  day— rest  on  the  till  of  the  Late 
Wisconsin  ice  sheet.  Between  Foster  Avenue  and  Devon  Avenue,  the  ground 
moraine  is  undulating  in  cross  section  (see  Plate  HI),  differing  strikingly  from 
the  region  north  of  Devon  Avenue,  where  the  deposits  rest  upon  a  till  plain 
which  is  comparatively  level.  This  undulating  ground  moraine  extends 
southward  well  toward  the  center  of  the  city  of  Chicago.  The  greatest  diver- 
sity of  sedimentary  deposits  is  found  from  Devon  Avenue  southward.  A  full 
discussion  of  the  limits  of  the  flooded  area  will  be  found  in  Chapter  III. 

In  the  present  chapter  the  different  sections  are  taken  up  in  detail,  beginning 
with  the  strata  south  of  Foster  Avenue  and  continuing  northward  to  Lake 
Michigan.  Sections  from  other  parts  of  the  city  are  also  considered  and  com- 
pared with  those  of  the  north  shore  channel.  Each  station  section  is  located 
its  distance  in  feet  from  a  well-known  street,  and  its  height  above  sea  level 
(A.T.)  and  above  Lake  Michigan  (A.L.M.)  is  given.  The  sedimentary  strata 
are  numbered  from  the  boulder  clay  to  the  surface  and  the  character  of  the 
deposit,  as  well  as  its  thickness,  is  indicated  in  inches.  The  level  of  Lake 
Michigan  is  placed  at  approximately  580  feet  above  sea  level  (579.63  feet, 
vide  map  of  Sanitary  Commission  of  Chicago). 
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A.  LAWRENCE  AVENUE  TO  LINCOLN  AVENUE 

STATION  I  (Plates  I,  V) 

ZOOful  south  of  Foster  Afmue.    Surface  5S7  feet  A,  T.\  7  feet  A.  L,  M. 


Strata 


XI 

X 

DC 

vm 
vn 

VI 
V 

IV 

m 

n 

I 


Deposit 

Surface  soO,  aflt  and  loam 

Silt,  somewhat  peaty 

Sand  and  pebbles. 

Silt,  peaty  in  ^)ots 

Sand- 

Silt 

Sand. 

sat 

Gravel  and  sand 

Sflt 

Boulder  day? 

Total  thickness 


Depth 


19H 
12 

2 

9 

1 

14 
IH 

4 
19 

2+ 

+ 

84+ 


Remarks 


With  pockets  of  shells. 
WithdieUs. 
With  pockets  of  shells. 
With    Anodonta    and    gastropod 
shells. 

With  Unios. 

Water  level  in  canal. 


Fuscam^a  imdata 
CrenodmUa  unditlata 
Qttairtda  pustulosa 

"        lachrymosa 
Rotuniaria  tuberculata 


AnodotUa  species 
LampsUis  luieda 
Spkaerium  striatinum 
soUdulum 


n 


Anodonia  i^peide& 
Pisidium  compressum 
noveboracetise 
pditum  decorum 
splendididum 
lirginicum 
waikeri 
Sphaerium  sulcatum 
sotidulum 
stamineum 
flavum 
striatinum 


n 


» 


t9 


ft 


i> 


ff 


fi 


ft 


f> 


BIOLOGICAL  RE1CAIN8 

Stratum  m 

Pleurdbema  coccineum  magnaiacuslris 
EUiptio  crassidens 
"       gihbosus 
Amygdahnajas  elegans 
Eurynia  dtipstfomtis 
LampsUis  ventricosa 

Stratum  V 

Campdoma  integrum 
Goniobasis  livescens 
Somatogyrus  subglobosus 

Stratum  VI 

Campelama  integrum 
Valvata  tricarinata 
Amnicota  limosa 

"       emarginata 
Somatogyrus  subglobosus 
Goniobasis  livescens 
Physa  warreniana 
Planorbis  antrosus 

campanukUus 

trivolvis 
Galba  reflexa 
Lymntea  stagnalis  appressi 
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Stratum  Vn 
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Pisidium  compressum 
"       noveberacense 
"       spiendididwn 
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STATION  2  (jnatt  VI) 
lOOfeei  saulh  of  Foster  Atmue.    Surfoce  SSSfeet  A.  T.;  5  feet  A.  L.  if. 
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STAnON  3 

300  feet  north  of  Foster  Avenue,    Surface  585  feet  8  in.  A.  T;.  5  feet  8  in.  A.  L.  M. 
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With  ahells  and  plants. 


Water  line  of  canal. 
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Stratum  V 

(Plants) 
Fetamcgeton  tpean. 

(Animals) 
Pisidium  ccmpressum  Unigetum         Phnorbis  anirosus 

"      splendidulum  "       campamdatus 

Amnicda  Umosa  "       exacuous 

Vahnta  tricarinato  "       parvus 

Piysa  warremana  "       tnwMs 

Segmentina  amUgera  dUba  ref/exa 

A  ncytus  pardUdus  Lymnaea  stagnalis  appressa 

Vertebne  of  a  fish 
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STAnoN  4  (Plate  I) 
885  feet  north  of  Poster  avenue.    587  feet  7  in.  A.  T.\  5  feet  7  w.  A.  L.  if. 
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Crushed  sheUa. 

In  the  lower  part  this  stratum  con- 
sist of  layers  el  nit  H  or  K 
indbcs  thick,  separated  by  thin 
layers  of  sand.  Life  is  rare  in 
these  layers. 
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"    iihbosus 
Rotund4iria  tuberctdata 


Picea  mariana 
Quercussp. 

EUiptio  gibbosus 

A  nodonta  grandis  fooiiana 

Sphaerium  sulcatum 

"       flawm 
Pisidium  tirginicum 

campressum 

variabile 

pdtitum 


It 


>i 


n 


BIOUXSICAL  KBMAINS 

Stratum  V 

Crenodonta  und$data 

"        penmana 
Pleurobema  coccineum  magnatacustris 

Stratum  VII 

(Plants) 

Chora  sp. 
Carextp. 
Animals  (Invertebrates) 

Amnicdla  litnosa 
lustrica 
emarginata 
Samatogyrus  Sid>^obosus 
Physa  warreniana 

"    integra 
Planorbis  antrosus 

campantdatus 


f> 


tf 


II 
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Pisidium  pauperctdum 

Planofbis  parvus 

"      spUndiduhm 

"      triwUns 

Musculium  secure 

Gaiba  palustris 

Campdoma  itUegrum 

"    reflexa 

Gamebasis  Ueescens 

Lymnoea  stagnalis  appressa 

VolvoUi  tncofituiU^ 

(Vertebrates) 

Aucyius  paraUehts 

Amiacalva 

Lepomis  species 

Either  a  sfluiid  or  a  cyprinoid. 

Stratum  DC 

■» 

Petamogfitom  specks 

fTjf^mfm  species 

Najastptcks 

Stratum  X 

• 

(FlanU) 

Polomogekm  spcdn 

(Animals) 

Najas  species 

Spkaerkm  siHaiimm 

Amuceia  emargimaia 

Piajdmrn  comprtmtm 

gMga^^^m 

"      tariMU 

Somahgyfus  sub^fobosus 

**      scukUatitm 

Pkysa  iniegra 

CampdomaitUegntm 

Phmerhis  mttr»suf 

Wohott^  tHcoitHoUk 

Stratwn  XI 
CPlanto) 

diefUtkus 
"     Panus 

PoitmogeUm  9ptdtB 

ScirpHSMp. 

Nympinea  adwetm 

i^o/oj  species 

Carextp, 

Typka  UU^tdia 

Sphaerhm  stdcaiim 

Aumicola  limosa 

"       siriaHmim 

Vahata  iricariu&ta 

MtsfdfttHn  ccMpresswM 

PUStUffvlS  OUtfOSUt 

"      afflne 

"      ImoMs 

^     naveboracense 

GalbareJUxa 

Campdoma  ifUeprum 

Stratum  XII 

PofamogeUm  wpedts 

Stratum  XIU 
(PlanU) 

PoiamogeiaH  spedeB 

(Animals) 

Spkaerium  sulcatum 

Valvata  tricarinata 

"        siriaimum 

Pkysa  iniegra 

Pisidium  compressum 

Planofhis  a$ilfosus 

"         variabile 

"      campanula^ 

Anmiccia  Hmosa 
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STATION  5 

950  feet  north  of  Poster  Avenue,    590  feet  A.  T.  west  side  of  canal. 


StnU 

Deposit 

Depth 

Remaiks 

n 

Sandy  loam  and  silt 

40 

No  life. 

I 

Boulder  clay 

STATION  6 

1060  feet  north  of  Foster  Avenue,    590  feet  A .  T.  west  side  of  canal. 


Strata 

Deposit 

Depth 

Remaiks 

n 

Yellow  sand 

17 

No  life. 

I 

Boulder  clay , 

• 

STATION  7 

1170  feet  north  of  Foster  Avenue,    590  feet  A .  T,  west  side  of  canal. 


StnU 

Deposit 

Depth 

Remarks 

II 

Yellow  sand 

36 

+ 

I 

Boulder  dav 

Pockets  of  gravel  42  indies  below 

the  surface. 

STATION  8 

1210  feet  north  of  Foster  Avenue.    590  feet  A,  T,  west  side  of  canal. 


Strata 


DC 

vra 
vn 

VI 
V 

IV 

m 

n 

I 


Depout 


Yellow  sand,  oxidiaed 

SUt,  oxidised 

Silt,  peaty 

Peat,  with  thin  layers  of  silt. 
Silt 


SUt 

sot,  very  fine. 

Gravd 

Boulder  clay... 


Total  thickness. 


Depth 


26 
15 
7 
11 
37 

10 

16 

6 

-h 

128 


Remaiks 


Shells  and  plants. 
Shells  and  plants. 
With  leaves  of  Quercus,  shells  and 

pieces  of  wood. 
Uniobed. 
With  pieces  of  wood. 
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STATIONS  9  AND  10  (Flates  I,  VII) 
J402  and  1420  feet  north  of  Poster  Avenue,    590  feet  A,  T. 


Stxate 


XIV 

xm 
xn 

XI 

X 

DC 

vin 
vn 

VI 

V 

IV 

m 

n 

I 


Deposit 


Silt  and  loam,  black. 

Silt,  yellow 

Silt,  ozid]2ed 

Sand 

Sflt 

Silt 


Sflt  and  fine  sand. 

Silt,  peaty 

Sand,  coarse 

SUt 

Sand,  coarse 

Sflt 

Gravel 

Boulder  clay 


Total  thickness. 


Depth 


9 
23 

H 
3 

56 

14 
5 

1 

tH 
1 

1 

6 
10+ 

135Ji 


10 


5 

9 

23 


Vs 


3 
56 

14 
5 
4 


4 
10+ 

133H 


Remarks 


Beds  of  shells  every  2-3  inches. 

With  plants  and  shells. 
With  plant  stems  and  few 

shells. 
Unio  bed;  few  pebbles;  wood. 
\^th  plants,  shells,  wood. 
With  shells. 

With  pieces  of  wood. 


Quercusspedn 
Piceamarkma 


Sphaerium  sulcatum 
**        acuminaium 
"        soliduhim 
"        flamm 

Pisidiumafine 

variabile 


BIOLOGICAL  XEICAINS 

Stratum  VII 
(Plants) 


II 


II 


Valiaia  iricarinata 
Amnicola  litnosa 
"     lustrica 
Goniohasis  Hvescens 
Campdoma  integrum 


Fuscopu^a  undata 
Crenodonta  unduiala 


(Animals) 


Stratum  VHI 


Populus  balsamifera 
Carex  sp. 

Pkysa  warreniana 
Ancylus  fuscus 

"     paraMus 
Segmentina  armigera 
Planorhis  antrosus 

campanulaius 

defteOus 

exacuous 

parvus 

trivolvis 
Gaiba  refiexa 
Lymnaea  stagnalis  appressa 


Amygdalonajas  elegans 
Proplera  alata 


fi 


II 


II 


II 


II 
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rOCENE 

Crenodonta  peruviana 

LampsUis  Utieoia 

Quadnda  pustylosa 

"     vetUfkosa 

"     lackrymosa 

Pisidium  compressum 

Rotundcria  tubercylaia 

"       scutdlatum 

Pleurobema  coccineum  magnalacuslris 

"       virginicum 

EUiptio  crassidens 

Campdoma  integrum 

"      gihbasus 

"          subsolidum 

Symphynoia  costata 

Goniobasis  Uvescens 

OMiquaria  refiexa 

Stratum  X 
(Plants) 

Amnicola  letsom 

Quercus  species 

(Animals) 

Sphaerium  sulcatum 

Amnicola  Umosa 

**        striatinum 

„       lusirica 

Pisidium    affine 

Pkysa  woffmiaHa 

**         abdiium 

Ancylus  fuscus 

"         comprtssum 

Planorbis  antrosus 

"         pdUum 

**      campamulalus 

"          scuteUatum 

"      dejlectus 

"         tariabUe 

"      parms 

Campdoma  subsolidum 

"      trimdfds 

Valvaia  tricarinata 

Galba  palustris 

Amnicola  emarginaia 

Lymnaea  stagnaHs  appressa 

STATION  11  (Plate  I) 
ISOSfeetnortk  of  Poster  Avenue.    Surface  590  feet  A. T,;  10  feet  A.  L.  M, 


Strata 

Deposit 

Depth 

Remarks 

II 

Sand,  ydlow 

12 
116 

128 

No  life. 

I 

Boulder  clay 

Total  thickness. 
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STATIONS  12  &  13  (Plate  I) 
1935-1950  feet  north  of  Poster  Atenue.    Surface  590  fut  A.T;  lOfut  A,LM, 


StnU 


xm 
xn 

XI 

X 

IX 

vni 
vn 

VI 

V 

IV 

m 

n 

I 


Silt  and  loam 

sat 

Sand 

Sflt 

Sand 

Sflt 

sat 

Sand  and  gravel 

sat 

Sand  and  gravel 

sat 

Sand 

Boulder  day 

T9lal  thickness. 


Depth 

12 

13 

18 

18 

14 

14 

2H 

2H 

14J^ 

14M 

2 

2 

13 

13 

\Wi 

10}^ 

9 

43^ 

v^ 

21 

2H 

6 

2 

2 

34-f 

26+ 

131H 

131 

Remarks 


Thin  beds  of  sand  %  and'l 

inch  apart. 
With  Unios. 
With  Unios  on  surface. 
With  wood. 

With  wood. 


STATION  14 

1985  feet  north  of  Foster  Atenue.    Surface  590  fut  A.T;  10  feet  A  .L,M, 


StnU 


XIV 

xm 
xn 

XI 

X 

IX 

vni 

VII 

VI 

V 

IV 

m 
n 

I 


Deposit 
sat  and  loam 

sat 

sat 

sat 

sat 

sat 

Sand 

sat 

Sand 

sat 

Gravel  and  sand 

sat 

Sand 

Boulder  day. 

Total  thickness. 


Depth 


31 

20 
5 
2 

m 

8 
14 
10 

3 

24-1- 

1283^ 


Remarks 


Black,  clayey. 
With  sheUs. 
Without  life. 
With  sandy  layers. 
With  shells. 
Without  life. 


With  Unios 
With  wood. 
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STATION  15  (Plates  I,  VIII) 
2150  feet  north  of  Foster  Atenue.    Surface  590  feet  A.T;  JO  feet  AXM. 


StraU 

Deposit 

Depth 

Remarks 

IV 

Silt  ftnd  loam 

31 

13 
15 

66+ 

• 
With  Unios. 

ni 

Silt 

n 

Gravel  aiwl  sand 

I 

Boulder  day 

Total  thickness.... 

125 

STATION  16  (Plates  I,  DC) 
2200  feet  north  of  Poster  Atmue,    Surface  590  feet  A,T\  10  feet  A.LJI. 


StiaU 

Deposit 

Depth 

Remarks 

XU 

Silt  and  loam 

19 

5- 
7- 

9 
13 

15 
18 
3Ji 
27+ 

Few  shells  in  pockets  in  tower  part 
With  crayfish  holes. 

XI 

Silt : 

X 

Peat 

IX 

Silt 

MoUusks.  leaves,  twiss;  crayfish 

vin 

Marl  bed 

burrow. 
Solid  bed  of  shells. 

vn 

Peat  bed 

With  twigs  and  sticks. 

VI 

Silt 

WithsheUs. 

V 

Silt 

IV 

Gravel  and  sand 

With  Unios. 

in 

Silt 

With  wood. 

n 

Sand 

I 

Boulder  clay 

Total  thickness.... 

• 

BIOLOGICAL  REMAINS 


Stratum  IV 


Fusconaja  undata 
Crenodonta  peruviana 
Quadruta  ^tulosa 
**    lachrymosa 
Rotundaria  tuberculata 
Pleurdbema  coccineum  magnalacustris 
EUiptio  crassidens 

**     gibhosus 
Sphaerium  rhomboideum 


Pisidium  affime 

compressum 
pauperculum 
poUtum 
splendididum 
walker* 
variabile 
Campdoma  integrum 
Goniobasis  Kvescens 


ti 


it 


>9 


If 


99 


99 
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Stntum  VIII 


Spkaerimm  sulcaktm 
"         rhowibaideum 
"         sdidulum 

Pisidium  compressum 
spUndidtdum 
^ariahUe 
*  *       tirgimcum 

Campdoma  integrum 

Amnicola  limosa 
"       lusUrica 


ji 


» 


ValtaSa  tricarinala 
Physa  wofteniana 

"    iniegra 
Planarhis  antrosus 

campanulalus 

defiectus 

parvus 

trivolvis 
Gaiba  reflexa 
Lymnaea  stagnalis  appressa 


9» 


»» 


ff 


tt 


STATION  17  (Plate  X) 
2250  feet  north  of  Poster  Avenue,    Surface  590  feet  A,T.\  10  feel  A,L,M, 


Stnta 


A.  XV 

B.  XIV 

c.  xm 
xn 

D.  XI 

E.  X 

F.  IX 

G.  vin 
vn 

H.  VI 
K.  V 
L.      IV 

M.  m 

n 
I 


Deposit 


Silt  and  loam 

Pfeat 

snt 

Sand 

sat 

Peat 

Silt 

Silt 

Sand 

Silt 

Sflt 

Gravel  and  sand 

sat ; 

Sand 

Boulder  clay 

ToUl  thickness 


Depth 


20 
6 
10J4 

y% 

20 

7 
1 


^8 

15 

im 
18 
2 
10 

130»^ 


Remarks 


Some  bog  ore. 

Some  bog  ore. 
Few  shells. 


With  sheUs. 


Layers  of  sand  with  shells. 

With  Unios. 

With  wood,  bog  ore,  shel-s. 


34 


LIFE  OF  THE  PLEISTOCENE 


STATION  18 

2J45feet  north  of  Foster  Atenue.    Surface  590  feel  A.T.\  10  feet  A,LM. 


StiaUi 


Silt  and  loam. 

Peat 

SUt 

Peat 

SUt 

Sand 

Sflt 

Fine  sand 

sat 

Fine  sand 

Silt 

Sand. 

Silt 

Gravel  and  sand. •» 

Silt 

Sand 

Boulder  clay 

Total  thickness.. 


Depth 


RemariLS 


xvn 

XVI 

XV 

XIV 

xra 
xn 

XI 
X 

DC 

vni 
vn 

VI 

v 

IV 

m 

n 

I 


23 

6 

12 

21 
1 

5J^ 
2 
4 
3 

5 

5 
12 
18 

2 
10 

130Ji 


With  few  shells. 
With  few  shells. 
Pockets  of  shells. 
With  pebbles. 

With  shells. 

With  shells. 

Withshdls. 

With  Unios. 

With  shells,  logs,  leaves. 


Fusconaja  undata 
Crenodonta  peruviana 
"  undulata 

Quadrula  fusitdosa 
Rotundaria  tubercukUa 
PUurobema  coccineum  magnalacustris 


Pisidium  compressum 
"       virginkum 
Quadrtda  pusttdosa 
JUfhmdaria  tuherctdaia 


LampsUishdeoia 
Spkaerium  striatinum 
Pisidiimaffine 

"     variabile 
Gomobasis  Uvescens 


BIOLOGICAL  KSMAINS 

Stratum  IV 

Elliptio  crassidens 

"     gibbosus 
Spkaerium  sulcatum 

"        levissimum 
Campdoma  integrum 
Gomobasis  livescens 

Stratum  VI 

LampsUis  luleola 


Goniobasis  livescens 
Campdoma  subsolidum 

Stratum  Vm 

Campdoma  integrum 

"  subsdidum 

Galbareflexa 
Planorbis  parvus 
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Stratum  X 


Creiwdonia  pentmana 
Gomcbasis  Ihescens 


VahaSa  trkannata 


Pisidium  compressum 

"     tariabiU 

"     walkeH 

**     iMUtm 

"     fumboracenst 
Vahata  tncarinaia 
Ammccla  limosa 
Campdoma  integrum 


Pkysa  integra 


Stratum  Xn 

Planorhis  anirosus 

Stratum  XIU 

Pkysa  integra 
"    vforreniana 

Planorhis  defledus 
parvus 
trivoMs 
anirosus 
campantdatus 

Gaiba  palustris 
"    repxa 

Lymnaea  stagnalis  appressa 


i> 


it 


tf 


ft 


STATION  19  (Plates  I,  XI) 
Z390feet  north  of  Poster  Afenue,    Surface  500  feet  A.T.;  10  feet  A.LJi. 


Strata 


Deposit 

Silt  and  loam 

Peat 

sat 

Sand. 

Silt 

Sand 

SUt 

Sand 

Sflt 

Sand 

Silt 

Sand 

sat 

Sand  and  gravel 

sat 

Sand  and  gravel 

Boulder  day 

Total  thickni 


Depth 


Remarks 


A. 

xvn 

B. 

XVI 

C. 

XV 

D. 

XIV 

xm 

xn 

XI 

X 

E, 

DC 

vra 

vn 

VI 

V 

F. 

IV 

G. 

m 

TT 

H. 


23 
3J^ 
7 

IH 
9 

5 

tV 
3Ji 

A 

3 

3Ji 
18 
5 
34 

128^ 


Vegetation  in  layera. 
Bog  ore  and  twigs. 
With  sheUs. 


*  Very  thin  beds  of  sand  in  sUt 


Uniobed. 

With  bog  ore  and  wood. 
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STATXOtf  20 

2500  fed  north  of  Faster  Atemue,    SwfaceS90feetA.T.;10feetA.L.M, 


Strata 

DqxMit 

Depth 

Rema^ 

A.    V 

Silt  and  loam 

22 
17H 

4 
9 

•     78 
130H 

B.  IV 

sat 

Wtbbogore. 
WithUnios. 

c  m 

Gravel  and  taod 

D.  n 

SUt 

With  bog  ore.    Thickness  varies 
from  9  to  40  inches  on  slope  of 
ground  moraine. 

E.     I 

Boulder  day. 

Total  thickness.... 

STATION  21  (Plates  I,  XII) 
26S0fut  north  ef  Foster  Avenue.    Surface  590  feet  A.  T,;  10  feet  A.  L,  M. 


StraU 


Silt  and  loam 

Silt 

Sand 

SilL 

Sand  and  gravel 

Silt 

Sand 

Boulder  clay 

Total  thickness 


Depth 


Remarics 


vin 
A.  vn 

VI 

B.  V 

C.  IV 

D.    in 
n 


21 
17 

30 
17 
15 

4 
25 


WithUnioa. 
With  wood. 


129iV 
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STATION  22  (Plate  I) 
2690  fed  north  of  Foster  Avenue.    Surface  590  feet  A.  T.;  10  feet  A.  L.  M. 


Stnta 

Deposit 

Depth 

RemariLS 

XVI 

Sflt  *iid  loam 

21 
12 

13 

H 
3J4 

H 

5 

4 

2 
12 
12 
25 

XV 

Sand 

XIV 

Sand 

With  shells. 

xm 

SUt 

xn 

Sand 

With  shells. 

XI 

sat 

x 

Sand 

With  shells. 

DC 

sat 

vm 

Sand 

With  sheUs. 

vn 

sat 

Humems  of  duck. 

VI 

Sand 

With  shells. 

V 

sat 

IV 

Sand  and  gravel 

With  Unios. 

in 

sat 

With  wood. 

II 

Sand  and  smivel, 

I 

Boulder  clay. 

Total  thickness.... 

128Ji 

BIOLOGICAL  SEUAINS 

Stratum  IV 
Crenodonta  peruviana 
"       undulata 
Quadrtda  pustulosa 

"       lackrymosa 
Ratundaria  tubercuUaa 
Pleurobema  coccineum  magnalacustris 
Fttiptio  crassidens 

"      giibosus 
(Miquaria  refiexa 


Stratum  VI 


PusconcQa  tmdata 
Qtiadrula  puskdosa 

Mergus  serraior  (humerus) 

Crenodonia  undulata 
Quadftda  puslulosa 
"      lackrymosa 


Stratum  VII 


Stratum  VIII 


>i 


i> 


Amygdalonajas  degans 
LompsUis  veniricosa 
Spkaerium  striaUnum 

"       fiavum 
Pisidium  compressum 
variabile 
virginicum 
Campeloma  integrum 
Ganiobasis  livescens 
Ammcola  limosa 

EUiptio  gibbosus 
Lampsiiis  luteola 


EUiptio  gihbosus 
Amygdalonajas  degans 
Spkaerium  ftavum 


58 
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Rotundaria  tubercylata 

Pleurobema  cocdneitm  magnalacusins 

EUipHo  crasfidens 


Campdoma  inUgrum 
Gamiobasis  ItMscms 
limasa 


Quadrula  pusUdosa 

Anodonia  wptdes 
Spkaerium  flaivum 
Pisidium  pdUum 

Spkamum  stamineum 

**       sdidulum 
Musadium  transversum 
Anmicola  limosa  p&raia 


Stratum  X 


Stratum  Xn 


Stratum  XIV 


Campdoma  tniegrum 

Gomchasis  Uoescem 
Amniccta  emarginala 
Planorbis  partus 

Pkysa  gyrina 
Phnorbis  irivohis 
Galba  palustris 


STATIONS  23  TO  26 
27S0,  2860,  3200,  3240  feet  north  of  Foster  Avemie.    Surface  590  feet  A,  T.;  10  feet  A.LM 


Strata 

Deposit 

Depth 

Remarks 

23 

24 

25 

26 

■ 

vn 

sat 

54 

H 
6 

2 
17 

7 
44 

72 

6 

11 

50 

H 

4 

2 

25 
15 
34 

53 

H 

5 

9 

Inteistratified  with  sand. 

VI 

Sand 

V 

sat 

iv" 
m 

Gravel  and  sand 

Silt,  oxidissed 

With  Unios. 

II 

Gravel 

I 

Boulder  clay 

41 

63 

Total  thickness.,.. 

130Ji 

130Ji 

130H 

130Ji 

STATION  27  (Plate  XIII) 
3750  feet  north  of  Foster  Avenue.    Surface  590  feet  A.T,\  10  feet  AX.M. 


StraU 


Deposit 


Depth 


Remarks 


A.  IV 

B.  m 

c.  n 
I 


sat 

Sand  and  gravel. 

sat 

Boulder  clay 


Total  thickness.. 


60 

4 
22 
36 

122 


Inteistratified  with  sand. 

With  Unios. 

With  wood,  leaves  and  shdls. 
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BIOLOGICAL  REMAINS 

Stratum  II 
Plants 


Quercus  spedtn 


Animals 


n 


n 


AnodotUa  grandis 
Pisidntmafine 

campressum 

variabUe 
Sphaermm  sidcaium 
Gomobasis  Uvacetts 
Campdoma  itttegrum  obesum 
Ammcola  limosa 
"     lustfica 


Vahaia  tricarinaia 
Physa  warremana 

**    gyrina 
PlanoHns  anirosus 

campanulahis 

defiect/us 

tfivohis 
Gdiha  pdustfis 
Lymnaea  stagnalis  appressa 


9t 


99 


»» 


STATION  28  (Plates  I,  XIV) 
S5S5feet  north  of  Poster  Avmue.    Surface  590  feet  A.T.;10A  .LJi. 


StiaU 

i             -     ■■ 

Deposit 

Depth 

Remarks 

A.    V 

SUt 

66 
4 

Interstratified  with  sand. 

B.  IV 

Sand  and  gravel 

With  Unios. 

c.  in 

Silt 

23 

With  wood,  oak)  shells. 

D.  n 

Sand  and  gravel 

4 

I 

Boulder  clay 

34+ 

Total  thickness.... 

■ 

131 

BIOLOGICAL  RElCi 

UNS 

Stratum  111 

Plants 

Potamogeion  species 

Qttercus  tspedes 

Animals 

A  nqdonta  grandis 

Valvata  tricarinata 

Pisidium  affine 

Physa  warreniana 

"     compressum 

"    gyrina 

"     variabUe 

Planorbis  anlrosus 

Spkaerium  sidcaium 

"      campanulatus 

Gotdobasis  livescens 

"      deflecUis 

Campdoma  integrum  obesum 

"      trivdvis 

Amnicda  limosa 

GaXba  palustris 

"     lustrica 

Stratum  IV 

Lymnaea  stagnahs  appressa 

Crenodonla  undulata 

Amygdalonajas  elegaus 

"       peruviaua 

Sphaerium  striaHnum 

Hi 
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Quadnda  pustidcsa 
Rotundaria  tuberculaia 
EUipiio  crassidens 


Campdoma  iniegrum 
ComobaHs  livescens 
Amniada  lintosa 


STAnoN  29  (Plates  I,  XV) 
3625  feet  north  of  Foster  Atenue.    Surface  590  feet  A. T,;  10feetA.L,\(. 


Strata 


A.  VIII 

B.  VII 

C.  VI 


D. 
£. 
F. 

G. 
H. 


V 
IV 
III 

II 
I 


Deposit 

Silt  and  loam 

Silt 

Silt 

Sand  and  gravel 

Sand 

Silt  and  peat 

Sand •. 

Boulder  clay 

Total  thickness. 


Depth 


18 
23 
39 

4 

1 

5 
32+ 


129M 


Remarks 


Sand  and  shells  intermixed. 
With  Unios. 

Carbonaceous,  with  peat,  wood, 
and  a  few  shells. 


STATIONS  30  AND  31  (Plate  XVI) 
3675  and  3750  feel  north  of  Foster  Avenue,    Surface  590  feet  A.T.\  10  feet  A.LM. 


Strata 

Deposit 

Depth 

Remarks 

30 

31 

VII 

Silt  and  loam 

21 
23 
39 

4)^ 

4 

5 

36 
132H 

21 
23 
39 

4H 

31 
132M 

VI 

Silt 

1 

V 

Silt 

IV 

Sand  and  gravel 

With  Unios. 

III 

Silt 

With  logs,  leaves,  peat 
Gravel,  very  irregular  in 
thickness. 

II 

Sand  and  gravel 

I 

Boulder  clay 

Total  thickness 

DEPOSITS  OF  THE  LAKE  CHICAGO  BASIN 
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STATION  32  (Plate  I) 
4J00feet  iwrtk  of  Foster  Avenue.    Surface  595  feet  A.T.\  15  feet  AXM. 


Stiato 

Deposit 

Depth 

Remarks 

n 

SftT)dy  loam 

12 
168 

180 

No  life. 

I 

Boulder  clay 

Total  thickness.... 

B.   UNCOLN  AVENUE  TO  DEVON  AVENUE 
STATION  33  (Plates  I,  XVII) 
5(iOfet!t  south  of  Devon  Avenue.    595  feel  A,T.;  15futA.L,M. 


Stiata 


Deposit 


Depth 


Remarks 


xvn 

XVI 

A.  XV 

B.  XIV 

xin 

C.  XII 


D. 

E. 

F. 

G. 

H. 

K. 


XI 

X 

IX 

vin 
vn 

VI 

V 

IV 

m 

n 
I 


Silt  and  loam. 

Silt 

Pfcat 


Occasional  sand  pockets. 

Gray  sand 

Sflt 


Sand,  gray 

Silt 

Sandy  gray 

Silt 

Silt  and  sand,  mixed. 

Wood. 

Sand  and  gravel 

Wood,  with  sand 

Sand. 


Sand  with  some  gravel. 
Boulder  clay. 


Total  thickness.... 


20 
32 
38 


4 

4 

2J4 

11 
1 
6 

VA 
4 

4 

44+ 

180 


Interstratified  with  thin  beds  of 

sand. 

Rarely  as  thick  as  12  inches. 

Very  thin  layer. 

Anodonta  and  wood  on  top  of  this 

layer. 

With  wood  and  Sphaerium. 


Solid  layer. 

With  spruce  cones. 

With   shells,   wood,   and   spruce 

cones.  * 
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Picea  canadensis 

Proptera  alata 
Anodonta  grandis 
Spkaerium  stamineum 
"      siriaUnum 
Pisidinm  species 

Picea  canadensis 

Picea  canadensis 

Abies  balsamea 
Larixlaricina 
Thuja  occidentalis 
Picea  canadensis 
Picea  mariana 

Picea  canadensis 

Picea  canadensis 


BIOLOGICAL  SEICAINS 

Stratum  m 
Plants 

Animals 


Picea  canadensis 


Vahata  tricarinata 
Amnicda  limosa 
"        emarginaia 


Stratum  IV 


Stratum  VI 


Stratum  VIII 


Cast  of  Unionid 


Stratum  DC 


Stratum  X 


Stratum  XI 


Sphaefium  stamineum 

Spkaerium  striaUnum 

"        stamineum  wisconsinensis 
"        sclididum 

Anodonta  grandis 

Spkaerium  stamineum  wisconsinensis 
"        striatinum 


Stratum  XII 

Spkaerium  stamineum  wisconsinensis 
"  «      solidulum 

Stratum  XV 
Spkaerium  JUttum 


Anodonta  grandis 


DEPOSITS  OF  THE  LAKE  CHICAGO  BASIN 
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STATIONS  34  AND  35 

530  and  495  feel  south  of  Devon  Avenue.    Surface  595  feet  A.T.\  15  feet  A.LM. 


Strata 


Depth 

34 

35 

21 
28 

20 
39 

78 

67 

8 

8 

14 

14 

3 

3 

28 

28 

180 

179 

• 

Remarks 


vn 
vn 

V 
IV 

in 
n 


Sandy  soil  (loam) 

Sand,  yellow 

Ptot,  intentratified  with  sand 

Silt 

Sand 

Shingje 

Boulder  clay 

Total  thickness.. 


With  pebbles  and  a  few  boulders. 
Peat  layers  H  to  H  inches  thick; 
pieces  of  wood. 

With  wood. 

Varies  from  2-3  inches  in  thick- 
ness. 


STATIONS  36  AND  37  (Plate  XVni) 
505  and  490  feet  south  of  Devon  Avenue.    Surface  595  feet  A.  T,;  15  feet  A.L.M. 


Strata 

Deposit 

Depth 

Remarks 

36 

37 

XIV 

Sandy  sofl  (loam) 

20 
32 
32 

8 

3« 

H 

7 

29 
6 

4 
34 

20A 
32B 
32C 

6JiD 

2E 

IF 

1 

3 

2J^G 

IH 
29HK 

2 

8L 
40 

YIII 

Silt 

With  plant  remains. 

xn 

Peat 

XI 

sat 

X 

Gray  sand.. 

yfith  wood. 

IX 

vm 

Silt , 

Gray  sand. 

Wthwood. 

vn 

Silt 

VI 

Gray  sand 

V 

Silt 

With  shells. 

IV 

111 

Silt,  intefstratified  with  sand. 

Silt  and  fin*  sand 

With  wood. 

With  bivalve  shells. 

n 

Gravel  and  coarse  sand 

I 

Boulder  clay.... 

Total  thickness 

180)i 

1801^ 
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BIOIjOCICAL  XEMAIHS 

Station  36 

Stmtnmin 

Plants 


Piua  C€Madensis 


Animals 


Lam^iOis  hieelc 
AncdatUa  grandis  fceliama 

struUmum 


Ammcoic  Ih 

n 


19 


Sut]on37 
Stratum  between  IV-V 


A  ncdonta  grandis  fooUana 


Sphaenum 

99 


StxatumV 


Picea  canadensis 


STATION  37  A  (Plate  XDC) 
400  feet  souik  of  Devon  Avenue.    Swrfau  595  feet  A.  r.;  15  feet  AJLM. 


StiaU 

Deposit 

Depth 

Remaiks 

m 

Sandy  soil  (kMun).... 

20 

18 

142 

180 

n 

S»nH  and  travel.... 

Varif*ft  in  thickness. 

I 

BouMer  clay.. , 

Total  thickness.... 

C.   DEVON  AVENUE  TO  CHURCH  STREET 
STATION  38 

1000  feet  nortk  of  Devon  Avenue.    Surface  595  feet  A.T.\  15  feet  A.L.M, 


StiaU 

Deposit 

Depth 

Remarks 

III 

Sandy  loam 

33 

6 
141 

180 

3  feet  south  this  deposit  is  36  inches 

n 

Coarse  eravel  and  shincle 

thick. 

I 

Bouldbr  clay 

AoDarently  water  laid  in  upper 

Total  thickness.... 

portion.    75-100  feet  south  all 
is  in  boulder  clay. 

DEPOSITS  OF  THE  LAKE  CHICAGO  BASIN 

STATION  39  (Plate  I) 
SOOftei  south  of  T&uky  Amme.    Surface  59Sfeet  A.T.;  15  feet  A.LM, 


45 


StraU 

Deposit 

Depth 

Remarks 

IV 

iSand  loam 

26 

4 

81 

69 
180 

III 

Gnvd 

n 

Water  laid  clay 

Upper  40  inches  without  boukleiB 

I 

Boulder  clay 

and  with  roots  of  plants;  lower  40 
inches  with  few  boulders. 

Total  thickness.... 

Pocket  in  stratum  n 


Sand 

14 
15 

7 
2 

38 

Gravel  and  coarse  sand 

These  pockets  are  of  neater  or  less 

Clay^  interstratified  with  sand 

Coarse  sand  and  gravel 

size  and  occur  about  midway  of 
stratum  n. 

Total  thickness.... 

STATION  40 

Touhy  Avenue,  north  of  bridge.    Surface  5P5  feet  A. T.\  ISfeetAXM. 


Strata 

Deposit 

Depth 

fiemazks 

rv 

Silt  and  loam 

36 

3H 
72 

108 
219H 

With  shells. 

in 

Gravel 

n 

Water  laid  clay 

I 

Boulder  clay 

Total  thickness.... 

46 
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STATIONS  41  AND  42 

2000  feci  norik  of  Touky  Avmue  ami  ZOO  fed  north  cf  OakUm  A^mmt  Surface  595  fed 

A.T.;  15  feet  AXJi. 


StimU 


vn 

VI 

V 

IV 

m 

n 

I 


DqMMit 


Silt  and  loam 

Gimvids,  pebbles,  and  sand. 

Clay. 

Laminated  clay 

Blue  day. 

Laminated  clay 

Boulder  clay 


Total  thickn 


I>q>th 


41 


59 

2 

20 


156 
217 


42 


45 

4 
21 
30 
18 

4 
96 

218 


Remaiks 


^th  shells. 


With  plant  roots. 


Spkaerium  stamineum 

"        emarginaium 
Physatyrima 
SepnetUina  armgera 
PiamofHs  parvus 


BIOLOGICAL  SEMAiNS  (Station  42) 

Stratum  vn 

Pkmorbis  triwhis 
Galba  caperaia 

"    refUxa 
Succmea  rektsa 
Cambarus 


flflflnj 


Strata 


vra 
vn 

VI 


V 
IV 

m 

n 

I 


STATION  43  (Plates  I,  XX) 
1000  feet  north  of  Oakton  Avemu.    Swrfau  595  fed  A.T,\  15  fed  A.LM. 


Deposit 


Silt  and  loam 

Sand  and  gravel 

Laminated    day    interstxatified 
with  layers  of  very  thin  sand- 
Clay. 

Laminated  clay 

Blue  day 

Sandy  Clay 

Boulder  day 


Total  thickness.... 


Depth 


36 

5 

30 
36 

4 
16 

1 
96 

224 


Remaiks 


With  shells. 


Rootlets  in  upper  10  or  15  inches. 
With  boulders. 


DEPOSITS  OF  THE  LAKE  CHICAGO  BASIN 

STATION  44  (Plate  XXI) 
500  feet  south  of  Dempster  Street.    Surface  595  feet  A.T.;  15  feet  A.L.M, 


47 


Stiata 

Deposit 

Depth 

Remarks 

VI 

Silt  and  loam 

30 

5 

36 
10 
60 
84 

225 

With  shells. 

V 
IV 

Sand  and  gravel;  few  boulders.... 
Blue  clay 

This  deposit  lies  from  30  to  40 
inches  below  the  surface,  and 
vanes  from  2  to  6  indws  in 
thickness. 

With  rootlets. 

in 
n 

Brownish-yellow  sandy  clay 

Iraminated  blue  clay 

See  rule  in  photograph. 

I 

Boulder  clay 

Total  thickness.... 

STATION  45  (Plate  XXII) 
200  feet  south  of  Dempster  Street.    Surface  595  feet  A.T.\  15feetA.L,M. 


Strata 

Deposit 

Depth 

Remarks 

V 

Sflt  and  loam 

33 

2 

30 

30 

132 

227 

Shells  begin  12  inches  below  the 

surface. 
In  places  nearby  3  inches* 
With  rootlets. 

IV 

Sand  and  gravel....................... .r.... 

TTT 

Blue  clay. 

n 

T^Tv^in&tA^  day 

I 

Boulder  clay. 

Total  thickness.... 

BIOLOGICAL  SEICAINS 

Stratum  V 


MusciMum  tfUHcakim 
Fisidiumaffine 
Physagyrina 
Planorhis  triwohis 


Segmentina  armigera 
Galba  caperata 

"   reflexa 
Succmea  retusa 


ft 


avara 
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STATIONS  46  AND  47  (Plate  I) 

100  feet  south  of  Dempster  Street;  200  feet  north  of  Dempster  street.    Surface  597  feet 

A,T,\17feetA.LM. 


StraU 


Deposit 


Depth 

46 

47 

23 

23 

20 

12 

26 

40 

Ji 

H 

1 

I 

Va 

H 

IH 

3 

H 

H 

144 

144 

216Ji 

224H 

Remaxkt 


DC 

vin 
vn 

VI 
V 

IV 

m 

II 

I 


Silt  and  loam 

Sand  and  gravel 

Blue  clay 

Yellow  sand 

Blue  day. 

Yellow  sand 

Blue  clay 

Yellow  sand 

Boulder  clay 

Total  thickness 


With  shells. 

With  rootlets. 
Very  fine. 

Very  fine. 

Very  fine. 


BIOLOGICAL  REMAINS 

Same  as  section  45 


STATION  48  (Plate  XXIII) 
SOOfeet  south  of  Church  Street.    Surface  597  feet  A.T.;  17  feet  A.L.M. 


StraU 

Deposit 

Depth 

Remarks 

VI 

Silt  and  loam 

33 
3 

3 

6H 
180 

230 

Shells  rare. 

V 

Sand  and  prravel  ,               

This  stratum  thins  out  200  feet 

IV 

Silt 

south  of  Church  Street. 

III 

Blue  clay 

n 

Coarse  sand  and  gravel 

I 

Boulder  day 

Total  thickness.... 
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D.    CHURCH  STREET  TO  CENTRAL  AVENUE 

STATION  49  (Plate  XXIV) 

300Seet  north  of  Church  Street.    Surface  597  feet  A.T.;  17  feet  A.LM. 


StraU 

Deposit 

Depth 

Remarks 

VI 

Silt  and  loam 

12 
60 

1 

36 

4 

144 

257 

No  moUusks. 

V 

Blue  clay. 

With  rootlets. 

IV 

Yellow  sand.... ,. 

HI 

II 

Sandy  clay,  with  pockets  of  sand. . 
Yellow  sandv  clay 

I 

Boulder  clay 

Total  thickness.... 

STATIONS  50  TO  53 

1200,  2000,  SOOO,  4000  feet  north  of  Church  Street.    Surface  597-598  feet  A .  T, 


StiaU 

Deposit 

Depth 

Remaiks 

50 

51 

52 

53 

V 

Black  loam 

12 

48 

48 
144 

12 

48 

48 
144 

12 
4% 

48 
156 

12 
48 

48 
168 

IV 

Blue  clay 

With  rootlets. 

III 

Sand 

n 
I 

Laminated  clay 

Boulder  clay 

With  pockets  of  sand  • 

Total  thickness... 

252)i 

252Ji 

264Ji 

276M 

. 
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STATION  54  (Plate  I) 
650  feet  sotOh  of  Northwestern  Railroad  bridge.    Surface  598  feet  A,T.\  18  feet  AX.M. 


Stiata 


Deposit 

Silt  and  loam 

Gravel  and  coarse  sand 

Laminated  day 

Sand. 

Clay 

Sand. 

Clay 

Sand 

Clay 

Boulder  clay 

Total  thickness 


Depth 


Remarks 


X 

IX 

VIII 

VII 

VI 

V 

IV 

III 

II 

I 


24 

4 
44 

1 
40 

12Ji 

H 

12 
108 

246H 


With  rootlets. 
Some  graveL 


STATION  55 

500  feet  north  of  Northwestern  Railroad  bridge.    Surface  599  feet  A.T,;  19  feet  AJLM. 


StiaU 


Deposit 

Black  sandy  soil 

Yellow  sand 

Gravel 

Clay 

Boulder  clay 

Total  thickness. 


Depth 


Remarks 


IV 

111 

II 

I 


24 

16 

I 

40 

156 

237 


This  deposit  begins  100  feet  north 
of  bridge. 


With  rootlets. 
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STATIONS  56-58  (Plate  I) 

300  feet  south  of  Central  Avenue;  Central  Avenue;  300  feet  north  of  Central  Avenue, 

Swface  600  feet  A.T.;  20  feet  A.L.M, 


StiaU 

Deposit 

Depth 

Remarks 

56 

57 

58 

V 

Black  toD  soil,  sandv 

8 
20 

14H 
42 

156 

IV 

Yellow  sand 

42 

13 

17 

44 

168 

Sand  at  surface  in  58 

III 

Coarse  sand  and  gravel 

Clay. 

n 

40 
156 

With  rootlets. 

I 

^'^j 

Boulder  clay 

Total  thickness.... 

240J^ 

238 

242 

£.  CENTRAL  AVENX7E  TO  THE  LAKE 
STATION  59 
400-600  feet  north  of  Milwaukee  Railroad  bridge.    Surface  600  feet  A.T,;  20  feet  A. LM. 


Strata 

Deposit 

Depth 

Reniarki 

400 

600 

IV 

Sand 

7 

17 

49 

168 

30 

12 

42 

156 

III 

Gravel 

II 

Clay. 

With  rootlets. 

I 

^-ft^j  "• 

Boulder  clay . 

Total  thickness 

241 

240 
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STATION  60  (Plate  1} 
1500  feet  south  of  the  Lake  shore.    Surface  610Jeet  A.T.;  30  feet  A,LM. 


StniU 


Deposit 

Black  sand 

Black  sand  and  gravel 

Gray  sand 

Peat  and  wood 

Gravel  and  sand 

Clay. 

Boulder  clay 

ToUl  thickness 


Depth 


Remarks 


vn 

VI 

V 
IV 

m 

II 

I 


9 

85. 

15 
9 

5H 
14 
223 

360H 


More  or  less  stratified  in  lower 

part. 
Several  layers  of  fine  wood. 


With  AMtlets. 


STATION  61  (Plate  I) 
North  edge  of  beach  ridge  (station  60).    Surface  605  feet  A.T.;  25  feet  A.L.M. 


Strata 

Deposit 

Depth 

Remarks 

IV 

Beach  sand  and  Kravfl 

34 

28 

25 

156 

243 

t 

III 
II 

Carbonaceous  sand  with  wood 

Clay 

Gravel  in  lower  part. 
With  rootlets. 

I 

^^*^»j 

Boulder  clay 

Total  thickness... 
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STATION  62  (Plate  I) 
500  feet  satak  of  Lake  Michigan.    Surface  602  A, T.;  22  fed  A, LJi. 


Strata 

»             Deposit 

Depth 

Remazki 

xn 

Black  sand 

8 
2 
2 
2H 

2H 

2 
2 
1 
2 
2 

25 
192 

lyi  inches  in  some  places. 
1}4  inches  in  some  places. 

1  inch  in  some  places. 
With  rootlets  in  upper  part. 

XI 

Yellow  sand 

X 

Clay. 

IX 

Yellow  sand 

Vlll 

Sand  with  wood. 

vn 

Yellow  sand 

VI 

Sandy  clay 

V 

Wood 

IV 

^nd 

in 

Gravel 

n 

day. 

I 

^^"^^j 

Boulder  clay. 

Total  thickness.... 

242  Ji 

STATION  63  (Plate  I) 
Gross  Poifa,  Lake  Michigan,    Surface  600  feet  A.T.\  20  feet  A.LJi. 


Strata 


xn 

XI 

X 

IX 

vin 
vn 

VI 
V 

IV 

in 

n 

I 


Deposit 

Black  sand 

Yellow  sand 

Peat  and  wood 

Yellow  sand 

Peat  and  wood 

YeUowsand 

Wood 

Yellow  sand. 

Sandy  day. -. 

Wood 

Clay 

Boulder  clay. 

Total  thickness- 


Depth 


17 
17 

H 

2 

H 
1 

H 

4 
192 

240)i 


Remarks 


Beach  deposit. 


2  inches  in  some  places. 

3  inches  in  some  places. 


BIOLOGICAL  SSICAINS 

Strau  ni,  VI,  vin,  X 

Coniferous  wood  (Picea  canadensis?) 
Oak  {Quercus  species) 
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m.  General  Records  from  the  Chicago  Basin 

A.   IN  THE  VICINITY  OF  RIVERSIDE 
0(H>EN  DITCH  AT  AUSTIN  AVENUE 

Surface  590  feet  A.T.\  10  feet  A.LJi. 


Strata 

Dcpont 

Dq>th 

Remaiki 

V 

Silt  and  loam 

24 
24 
12 
12 

+ 

72 

IV 

sat 

Unios  in  upper  part. 

ni 

Peat 

II 

Maribcd 

With  shells. 

I 

Clay 

^''"j 

ToUl  thickness.... 

• 

Muscvlium  secure 

"       truMcatum 
Pisidium  medupHum 

"       tenuisfimum 
Ammcola  limosa 

"       luslrica 
Valvata  tricarinata  unkarinata 


BIOLOGICAL  SEICAIMS 

Stratum  n 

Pkysa  wtrreidama 


"    watken 
Planorbis  antrosus 

"       campamdatus 

"       parvus 
Galba  obrussa  decampi 


Stratum  IV 

Pleurobema  coccineum  magnalacuslris         EJlipUo  gihbosus 
Pusamaja  rubiginosa  Eurynia  recta 

Rotundaria  iubercidaia 

NEAR  OAK  PARK  AND  OGDEN  AVENUES 

Surface  605  feet  A.T.\  25  feet  A.L.M. 


StraU 


VI 

V 

IV 

III 

II 

I 


Deposit 

Black  sandy  soil 

Yellow  sand 

sat 

Gray  sand 

Clay. 

Boulder  clay 

Total  thickness 


'Depth 


22 
11 
10 

6 

9 
20-f 

78 


Remarks 


Oxidized. 

\^th  pebbles  and  shingle. 
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B.   SOUTH  OF  JACKSON  PARK 

It  is  reported^  that  a  ledge  of  rock,  500  or  400  feet  in  width,  extends  a  short 
distance  west  of  Yates  Avenue,  north  of  75th  Street.  The  rock  here  does  not 
show  at  the  surface,  but  on  Kingston  Avenue,  about  one-half  block  north  of 
75th  Street,  there  is  a  small  outcropping. 

On  the  comer  of  75th  Street  and  Jeffery  Avenue,  about  five  feet  beneath 
the  surface,  a  sand  and  gravel  deposit  occurs,  in  which  the  following  mollusks 
were  found  by  Mr.  Ira  Meyers,  of  the  Francis  Parker  School,  Chicago: 


Alasmidonia  cakeola 
Spkaerium  striaiinum 
Pisidium  tirginicum 

compressum  conferlum? 

superius 

(resembling  mainense,  but 

apparently  distinct) 
Gclba  caUucopium 


tt 


tt 


tt 


Physa  irUegra 

Valvata  bicaritkUa  perdepressa 
Goniobasis  livescens 
Amnicola  lustrica 

emarginaia 

leisoni 
Somatogyrus  itUeger 


tt 


tt 


The  sand  and  shells  were  evidently  washed  behind  the  submerged  limestone 
bairier  which  outcrops  on  Kingston  Avenue,  and  is  about  585  feet  above  sea 
level  or  5  feet  above  the  lake. 


C.    SOUTH  OF  CALUMET  LAKE 

South  of  Calumet  Lake  (IJOtk  Street)  and  east  of  Michigan  CeiUral  Raitroad 
Surface  585  feet  A.T.;  5  feet  A.LJf.    Unio  beds  beneaih  Indian  graves^ 


Pusconaja  undata 
Quadrula  pustuhsa 
EUiptio  gibbosus 


Eurynia  recta 
LampsUis  ventrkcsa 
Goniobasis  livescens 


D.   NEARLEMONT 


Lincoln  Park  property,  Lemont,  near  Santa  Fe  Railroad  (Section  16,  Du  Page  County).  Surface 

595  feet  A. T.  15  feet  A .LM 


StraU 

Deposit 

Depth 

Remarks 

V 

Black  carbonaceous  loam 

36 

26 

12 

9 

+ 

83 

With  plant  remains..,., ,, 

IV 

m 

Peat  bed 

With  shells. 

n 

Marl  and  silt  bed 

tt         tt 

I 

Niagara  limestone 

Total  thickness.... 

^  By  Mr.  D.  W.  Roper,  of  the  Chicago  Telephone  Company. 
'  Collected  by  Mr.  A.  Scharf . 
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PatamogeUm 


if 


tf 


Pisidium  compressum 
sphftdididum 
mainense 
Valvaia  iricarinaia 
Amnicola  limosa 
"      lustrica 
Goniobasis  Hvescens 
Campehma  itUegrum 
Pkysa  Integra 


it 


warrentana 


Valtaia  tricarinaia 
Amnicola  limosa 
*'      lustrica 
Pkysa  gyrina 
Segmentina  armigera 
Planorbis  exacuous 


Odocoileus  virginianus 
Fiber  nbetkicus 


BIOLOGICAL  SJCICAIMS 

Stiatum  II 
PlanU 


Animals 


SegmenUna  armigera 
Planorbis  anlrosus 

campamdaUis 

defiedus 

exacuous 

partus 

trivolvis 
Galba  refiexa 
'*    obrussa 
Lymnaea  stagnalis  appressa 
Succinea  avara 


Stratum  III 

MoUusca 

Planorbis  parvus 


Vertebrata 


"      trivolvis 
Galba  obrussa 

"    obrussa  decampi 

"    refiexa 
LymfUBa  stagnalis  appressa 

Portion  of  skull 
Skull 


Lincoln  Park  property,  Lemont,  edge  of  Desplaines 

Riier.    Surface  590  feet  AS. 

Stiata 

Deposit 

Depth 

Remarks 

V 

Black  loam 

28 
12 
37 
58 

■f 

135 

■ 

IV 

Black  earth,  carbonaceous 

III 

Brown  soil  with  shells 

II 

Sticky  hhif?  day 

I 

Niagara  limestone 

Total  thickness.... 

E.    THE  CALUMET^SAG  CHANNEL  (PlATE  XXV) 

The  Calumet-Sag  channel  of  the  Chicago  drainage  system  extends  from  the 
Little  Calumet  River  half  a  mile  west  of  Halsted  Street,  to  the  sanitary  ship 
canal  about  a  mile  west  of  Lambert  Station  (technically  from  the  westerly 
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reserve  line  of  the  Illinois  and  Michigan  canal  in  Sec.  14,  T.  37  N.,  R.  11  E. 
of  the  3rd  P.M.  to  the  north  and  south  center  line  of  Sec.  32,  T.  37  N.,  R. 
14  E.  of  the  3rd  P.M.)  a  length  of  over  16  miles.  The  channel  is  cut  in  both 
rock  (western  end)  and  dirt  (eastern  end);  the  deposits  consist  of  peat,  clay^ 
sand,  gravel,  and  boulder  clay.  The  depth  of  the  channel  is  about  34  feet. 
The  channel  is  cut  thru  the  center  of  the  southern  arm  of  the  outlet  of 
glacial  Lake  Chicago,  which  separated  Mount  Forest  island  from  the  main  part 
of  the  Valparaiso  moraine.  The  cut  should,  therefore,  clearly  reflect  the  history 
of  the  postglacial  waters  of  the  Chicago  basin,  and,  except  for  the  physical 
differences,  this  history  should  agree  with  that  shown  in  the  cut  of  the  north 
shore  channel.  The  physical  differences,  however,  were  considerable,  the 
north  shore  channel  being  cut  thru  an  old  embayment  of  the  lake,  while  the 
Calumet-Sag  channel  is  partly  in  one  of  the  old  outlets,  which  was  a  large 
river  almost  a  mile  in  width.  A  section  of  the  channel  at  West  92nd  Avenue 
exhibited  the  strata  shown  below. 

Calufnel-Sag  channel  al  west  92nd  A ve.    Surface  593. S  A.T.\  13,5  A ,LM. 

(putcs  XXVI,  xxvn) 


Strata 

Deposit 

Depth 

Remarks 

DC 

Surface  soil;  oxidized  oeat 

24 
114 

12 
48 
24 

51 

2 

65 
78 

408 

VIII 

Peat,  almost  pure 

Shells   and   plants,  especially  in 

lower  part 
Pockets  of  shells  in  lower  part. 
Upper  part  impalpable  day. 
But  few  shells. 

VII 

Peaty  clay 

VI 

*  ^^*j  ^"^^j 

Clay,  sandy  in  lower  part 

V 

Fine  sray  sand 

IV 

Fine  sand,  coarse  sand  and  fine 
gravel;  sand  cross  bedded  in 
some  places;  lenticular  pockets 
of  fine  gravel,  shells,  and  wood, 
apparently  beach  worn. 

Some  large  stones  and  a  few  naiad 

• 

in 

Boulders,   day,   sand,   pebbles; 

boulder  pavement  on  top  of 

till 

shells. 
Naiad  shells  on  surface. 

II 

Boulder  clay. 

Very  hard. 

I 

Ni&gHi^  linaestone 

Total  thickness.... 

-34feeu 

EUipHo  crassidens 
' '    gibbosus 


BIOLOGICAL  KEMAISS 

Stratum  III 

Campdoma  integrum 

*        integrum  chesum 
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Pleurobema  coccineum  magnalacustris 

CrenodofUa  undulala 

Pusconaja  undata 

Eurynia  recta 

Latnpsilis  verUricosa 

Pisidium  virginicum 


Goniobasis  livescens  depygis 
Vavala  tricarincUa 
Amnicola  limosa 
"      lustrica 
Physa  warreniana 
Ptanarbis  defiectus 


Stratum  IV.     (One  foot  from  bottom) 


Quadrtda  pustuhsa 
Pusconaja  undata 
Sphaerium  acuminatum 
Pisidium  virginicum 

compressum  (variable) 

splendidulum 

medianum 
Goniobasis  livescens  depygis 
Amnicola  limosa 

lustrica 


ft 


t9 


ft 


» 


ft 


tt 


Stratum  IV. 
Pisidium  virginicum 
compressum 
splendidulum 
Sphaerium  occideniaU 
Sphaerium  acuminaium 
Ganicbasis  livescens  depygis 
Campdoma  integrum  obesum 
Vahata  tricarinata 

tricarinata  simplex 
tricarinata  confusa 
Amnicola  lustrica 


$t 


n 


Valvata  tricarinata 

"  tricarinata  simplex 
"  tricarinata  confusa 
"     tricarinata  unicarinata 

Planorbis  antrosus 
"        parvus 
"        defiectus 

Physa  warreniana 

Galba  obrussa  epcigua 
"    palustris 

(Two  feet  from  bottom) 
Amnicola  limosa 
Physa  warreniana 
integra 
walkeri 
Planorbis  antrosus 

campanulatus 
parvus 
defiectus 
Galba  obrussa  decampi 
palustris 
woodruffi 


ft 


ft 


ft 


tf 


If 


>i 


ft 


Stratum  IV.    (Three 
Sphaerium  acuminatum 
Pisidium  virginicum 

compressum 

faUax 

splendidulum 

medianum 
Goniobasis  livescens  depygis 
Campdoma  integrum  (1  reversed) 
Amnicola  limosa  (many  forms) 
*      lustrica 


If 


II 


II 


ft 


feet  from  bottom) 
Valvata  tricarinata 

"       tricarinata  simplex 
"       tricarinata  confusa 
Physa  ufarreniana 
integra 
walkeri 
Planorbis  antrosus 

campanulatus 
parvus 
"       defUctus 
Segmentina  armigera  (1  spec.) 


fi 


If 


If 


If 


Stratum  IV  (Top  of  sand  deposit) 
Ettiptio  gibbosus  Amnicola  limosa 

Sphaerium  acuminatum  "       lustrica 

Pisidium  virginicum  Physa  integra 

Goniobasis  livescens  Planorbis  parvus 

Valvata  tricarinata  Galba  obrussa 

palustris 


ft 
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Stratum  Vn  (Just  above  clay) 

Aninuih 

Naiad,  iragments  Planorbis  antrosus 
AnodmUa  q)ede8  "      exaatous  (rare) 

ValwUi  iricarinota  "      parms 

AmnicUa  limosa  Ancylus  paraUdus 

"       lustrica  Galba  palustfis 
Pkysa  wofremofna  "     reflexa 

Planorbis  campamdaius  LyrmuEa  stagnalis  appressa 

Donacia  proxima  Cckoptera^  punctostriate  elytron 

The  till  beneath  these  sedimentary  deposits  is  a  portion  of  the  Valparaiso 
moraine,  exhibiting  the  charactertistic  undulating  topography  of  a  terminal 
moraine.  A  mile  or  so  west  of  the  92nd  Street  section,  the  naiad  deposit  and 
the  boulder  pavement  come  within  five  feet  of  the  surface,  the  boulder  day 
increasing  in  thickness  and  the  peat  deposit  decreasing  in  thickness.  A  few 
himdred  feet  farther  west  these  deposits  again  fall  away  to  the  bottom  of  the 
canal.  This  elevation  may  have  been  an  island  during  one  of  the  low  water 
stages.  The  sequence  of  strata  is  the  same  in  all  locations,  the  variation  being 
in  the  relative  thickness  of  the  deposits.  The  interpretation  of  these  deposits 
may  be  summarized  as  follows: 

Stratum  II y  boulder  clay.  This  deposit  is  ver>''  hard  and  contains  an  abun- 
dance of  rock  material. 

Stratum  Illy  boulder  paoementy  sand  gravel.  This  stratum  evidently  repre- 
sents the  Glenwood,  Bowmanville,  and  Calumet  stages.  During  the  Glen- 
wood  stage  there  would  be  some  erosion  of  the  boulder  day,  notably,  when 
the  water  was  lowering,  preceding  the  Bowmanville  stage.  It  was  at  this 
period,  probably,  that  the  boulder  pavement  was  formed.  Later,  during  the 
Bowmanville  stage,  a  little  day  was  deposited,  and,  as  the  water  was  rising 
to  form  the  Calumet  stage,  a  Uttle  gravel  resulted.  The  bed  of  Unio  shells 
l3nng  on  the  surface  of  this  boulder  pavement  was  probably  deposited  during 
the  latter  part  of  the  Calumet  stage  and  the  early  part  of  the  Toleston  stage. 

Stratum  IV,  sand  and  gravel.  The  heavy  bed  of  fine  gravel  and  sand  was 
evidently  formed  during  the  low  water  period  succeeding  the  Toleston  stage 
as  it  contams  much  beach-worn  wood,  worn  shells  and  the  usual  mixture  found 
on  a  gravel  y  shore  or  in  shallow  water  where  there  is  somewhat  of  a  current, 
a  condition  easily  provided  by  an  outlet  from  a  shallow  lake  such  as  Lake 
Chicago  is  supposed  to  have  been  at  this  time.  As  the  moraine  beneath  these 
deposits  is  notably  rolling  the  deep  gravel  and  sand  deposit  may  rest  against 
one  of  these  dome-shaped  elevations,  which  may  have  been  near  the  surface 
during  this  time. 

Stratum  Vy  fine  gray  sand.  This  deposit  is  believed  to  represent  a  time  when 
the  water  was  rising  to  form  the  Hammond  stage. 
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Stratum  VI ^  clay.  The  day  deposit  is  believed  to  represent  the  bottom  of 
the  lake  during  the  Hammond  stage.  The  upper  part  of  this  deposit  may  have 
been  a  land  surface  during  the  low  water  period. 

Stratum  VII y  peaty  day.  This  deposit  contains  many  shallow  water  mol- 
lusks  and  probably  represents  the  Englewood  stage  (I<npissing  stage)  at  its 
highest  level. 

Stratum  VIII,  peat.  This  thick  bed  of  peat  indicates  a  shallowing  of  the 
water  and  records  a  change  from  flowing  water  to  swampy  conditions.  At  this 
time  the  lake  had  ceased  to  discharge  thru  the  Chicago  outlet. 

Stratum  IX  ,  surface  soil.  This  deposit  represents  the  recent  period  when 
the  area  had  changed  to  a  swamp,  such  as  existed  in  the  Sag  region  before  the 
canal  was  excavated. 

The  interpretation  indicated  above  may  be  graphically  expressed  in  the 
diagram  on  plate  XXVIII,  which  indicates  the  depths  of  water  at  each  stage.' 

F.  SCATTERED  RECOSDS 

There  are  a  number  of  records  of  life  in  the  museum  of  the  Chicago  Acad-- 
emy  of  Sciences,  and  in  local  literature,  which  cannot  be  referred  to  any  parti- 
cular sedimentary  deposit,  tho  belonging  undoubtedly  to  postglacial  fossil 
strata.    These  are  listed  below,  with  comments. 

Comer  Wrightwood  Avenue  and  Nofth  Clark  Street 
Fusconaja  undata.*    In  excavation  for  building.    In  Toleston  beach. 

Comer  Frederick  and  North  Clark  Streets 
Crenodonta  undidata,*    In  excavation  for  building.    In  Toleston  beach. 

Comer  Sheffidd  and  Lincoln  Avenues 
Goniobasis  livescens*  Pleurocera  subulare 

These  possibly  belong  to  the  Toleston  stage.  No  geological  data  was  sup- 
plied with  the  specimens. 

Balmoral  Avenue,  BowmanviUe 

Goniobasis  livescens.^  This  record  is  on  the  Calumet  beach  but  should 
probably  be  referred  to  the  Toleston  stage. 

Summit,  bed  of  Sanitary  Canal 
Spkaerium  sulcatum  Valvata  tricarinata 

A  m  nicola  limosa  Planorbis  deflectus 

m 

"       lustrica  '*       parvus 

'  It  is  greatly  to  be  regretted  that  there  has  been  no  opportunity  to  give  to  the  Calumet- 
Sag  channel  the  careful  study  accorded  the  north  shore  channel.  The  writer  was  able  to 
visit  the  excavations  of  the  Calumet-Sag  canal  but  a  few  times,  and  while  the  information 
secured  is  of  value  and  corroberates  the  interpretations  given  to  the  north  shore  deposits, 
it  is  still  true  that  much  interesting  information  has  been  lost  Science  is  apparently  not 
yet  in  position  to  take  full  advantage  of  the  o^^rtunities  which  commerce  and  industry  so 
often  provide,  frequently  at  great  expense. 

*  C<^lected  by  Mr.  Carl  Dilg. 
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No  record  was  kept  of  the  stratum  from  which  these  shells  came,  but  they 
are  believed  to  be  referable  to  the  Hammond  stage  of  Lake  Chicago.^ 

Comer  of  West  Monroe  and  Morgan  Streets 
Unio  shells' 

Chicago  Heights 

The  tooth  of  a  mammoth  (Elephas  columbi)  was  found  in  the  bank  of  Wal- 
lace Creek,  at  a  depth  of  18  or  20  feet/  This  creek  flows  in  the  Valparaiso 
moraine  in  which  it  has  sunk  its  bed  for  twenty  feet  or  more.  The  tooth  was 
probably  washed  from  a  higher  source.  It  is  impossible  to  determine  with 
just  whicli  lake  stage  the  fossil  is  to  be  correlated;  it  is,  however,  certainly 
postglacial. 

IV.  Totical  Sections  of  Beaches 

A.   GLENWOOD  BEACH 
Haa^  gravel  pit.  Oak  Parh.    Surface  625  feet  A,T,;  45  feet  A.L.M,* 


StiaU 

Deposit 

Depth 

1 

Brown-stained  gravel,  ci^)ping  summit 
and  sloDe 

18-30  inches 

2 
3 

Fine  gravel,  fresh  or  stained  but  little 

Sandy  very  thin  at  top,  but  increasing 
toward  side  of  bar 

2448      " 
0-36      " 

4 

Fine  sravel.  increasine  like  no.  3 

0-48      " 

5 

Fine  gravel,  nearly  4  feet  in  thickness, 
which  passes  upward  from  near  the  east 
side  of  the  excavation,  assuming  a  near- 
ly horizontal  position  beneath  the  crest 
of  the  ridffe ...........r... 

40-48  inches 

6 

Sand,  thickening  toward  the  higher  part 
of  the  ridge 

6-36      " 

*  It  is  exceedingly  unfortunate  that  systematic  records  and  collections  were  not  made 
when  the  large  drainage  canal  was  being  excavated.  Its  entire  length  is  in  the  bed  of  the  old 
outlet,  and,  judging  by  the  fragmentary  records  which  are  obtainable  from  this  region,  it 
undoubtedly  presented  quite  as  fully  the  biological  history  of  Lake  Chicago  as  did  the  strata 
uncovered  in  the  north  shore  channel. 

*Higley  and  Raddin,  p.  XV.  It  is  not  known  from  what  horLson  these  specimens  were 
obtained. 

7  Collected  by  Mr.  James  H.  Knapp.    Identified  by  Dr.  O.  P.  Hay. 

*  Leverett,  Pleistocene  Features,  p.  70.  This  section  is  on  the  Oak  Park  spit  and  not 
in  the  beach  proper,  which  attains  an  elevation  of  50  feet 
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B.  CALUMET  BEACH.  (PLAIE  XXIX) 

About  ISOO  Jeet  south  of  the  Lake  shore.  North  Emnston,  Station  60.      Surface  610  feet  A. T. 

30feetA.LJi. 


StxaU 


Deposit 

Black  sand 

Black  sand  and  gravel... 

Gray  sand  (fine) 

Peat  and  wood. 

Gravel  and  sand 

Clay 

Boulder  clay 

Total  thickness.. 


Depth 


Remarks 


vn 

VI 

V 
IV 

m 

n 

I 


f> 


9    inches 
85 


15 
9 

5M 
14 
223 


More  or  less  stratified 

in  lower  part. 
With  wood  in  strata. 


360H 


tf 


30  feet 


C.  TOLESTON   BEACH 

North  of  MotUrose  Boulevard  and  east  of  Dover  Street.   Surface  600  feet  AS.;  20  feet  A.  L.  M. 

20feetA.LJi. 


StraU 

Deposit 

Depth 

Remarks 

Xll 

Fine  yellow  sand , 

66     inches 
6 

2 

4H     " 

1 

5 

6 
10 

6 
15 
27 

XI 

Grsvd  and  sand ,.... 

X 

Gray  sand 

IX 

Gravel .-. 

Varies  in  thickness. 

vm 

Gray  sand 

vn 

Gravel 

VI 

Fine  cray  sand 

V 

Gravel  and  coarse  sand 

Varies  in  thickness. 

IV 

Gravel 

in 

Gray  sand 

n 

Gravel 

I 

Gray  sand 

Total  tWcknes?^ 

152 

-12  feet  8  inches 
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North  end  Nortkwestem  UnhersUy  campus^  near  foot  of  Noyes  Street  (Plate  IV). 


StraU 


Dcpocit 

Yellow  sand  and  gravel 

Sand  and  gravel,  croBS  bedded. 

Yellow  sand. 

Veiy  fine,  compact  silt 

Peaty,  with  fine  sand. 

Caibonaceoos  matter  mixed  with  sand  and 

roots 

Fine  3^ow  sand. 

Vegetable  matter  and  fine  sand  interatra- 

tified. 

Fine  jrellow  sand. 

Water-laid  day,  oxidized  in  upper  part.... 

Total  thickness 


Depth 


Remazkg 


X 

DC 

vm 
vn 

VI 

v 

IV 

m 

II 
I 


69    inches 
18 
18 
14 
2 


7 
51 

18 
67 


it 


t> 


If 


n 
»i 
i> 


265H     " 


With  shells. 
With  plant  sterna. 


22  feet  IH  inches. 


The  top  of  the  compact  silt  (stratum  VII)  varies  but  little  in  height  above 

Lake  Michigan  west  of  the  above  section,  whidi  was  made  on  the  east  face  of 

the  beach.    Dr.  U.  S.  Grant,  has  kindly  measured  this  elevation,  which  is  as 

follows: 

Section  on  face  of  beach  13.57  feet  above  Lake  Michigan 


Twenty  feet  to  the  west  13.50 
Thirty  feet  to  the  west  13.82 
Forty  feet  to  the  west      13.47 

13.72 
14.82 
13.97 
14.02 


Forty  feet  to  the  west 
Forty  feet  to  the  west 
Fifty  feet  to  the  west 
Fifty  feet  to  the  west 


n 
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tt 


tt 
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It  is  interesting  to  compare  this  recent  section  of  the  Toleston  beach  with 
the  previous  sections  of  Marcy  and  Leverett*  The  two  carbonaceous  layers 
(strata  VI  and  m  of  the  1912  section)  are  repeated,  and  the  fine  silt  deposit 
contains  moUuscan  shells.  As  these  peaty  deposits  have  been  foimd  in  various 
parts  of  Evanston,  and  also  as  far  west  as  the  north  shore  channel,  it  seems 
evident  that  they  represent  low  water  periods  when  the  surface  was  exposed 
and  grass  and  trees  grew  upon  it  It  is  to  be  noted  that  the  carbonaceous 
strata  of  Leverett's  section  are  closer  together  than  in  Marcy's  or  Grant's  sec- 
tions. 

Many  years  ago.  Dr.  Oliver  Marcy,  (now  deceased)  of  Northwestern  Uni- 
versity, coUected  a  number  of  shells  from  stratum  number  7  of  his  1864  section 
(Plate  IV,  section  I,  number  4)  which  were  identified  by  Mr.  C.  T.  Simpson 


*  Pleistocene  Features,  p.  76. 
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and  referred  to  nine  genera.    Some  3rears  ago  a  number  of  these  shells  were 
submitted  to  the  writer  and  the  following  species  were  observed. 


Galba  paiuslns 
"    refkxa 
"    caperaia 

Flanorbis  irivolns 


Pkysa  watrmiana 
Ancylus  vpedeg  (broken) 
G<miobasis  Uvescens 
Pleurocera  devatum 


A  search  recently  made  by  Dr.  Grant  failed  to  disclose  the  shells  from  the 
Evanston  deposit,  in  the  museum  of  the  Northwestern  University,  and  it  is 
probable  that  they  were  packed  away  by  Dr.  Marcy  and  have  escaped  observa- 
tion. The  Unios  cannot,  therefore,  be  identified.  In  stratum  Vn  of  Grant's 
section  the  following  species  were  noted. 

Ammccia  lustnca  PUmofhis  trivUvis 

Planarbis  parvus 

No  plants  have  been  specifically  identified  from  the  carbonaceous  strata 
of  the  1912  section.  In  Marcy's  section,  however,  plants  and  other  life  were 
identified  as  noted  below. 


StraU 

Marcy's  No. 

Plate  IV,  I 

Dcpoait 

Spedes 

Stratum 
t$ 

ft 

5 
6 
9 

6 
5 
A 

Gravel 

Sand 

Humus 

OdocoUeus  virginumus  (femur) 
Quercus  marcyana  (wood) 
Picea  evanstam  (wood) 

The  Quercus  has  not  been  rediscovered  in  any  of  the  recent  deposits  studied. 

V.  Previous  Glaciations  in  ihe  Chicago  AitsA 

It  is  believed  that  at  least  one  intergladal  interval,  preceded  by  an  extensive 
gladation,  is  represented  in  the  glacial  deposits  of  the  Chicago  Area.  Leverett^^ 
gives  evidence  showing  the  presence  of  a  pregladal  valley  beneath  the  drift, 
which  entered  the  great  valley  now  occupied  by  Lake  Michigan  near  Lincoln 
Park.  This  small  valley  may  be  traced  westward  for  several  miles,  the  depth 
to  rock  being  from  115  to  125  feet. 

Old  soil  zones  have  been  observed  in  many  wells  in  and  about  the  Chicago 

region.    In  the  northwestern  part  of  Cook  County  a  black  soU  is  penetrated 

at  a  depth  of  over  100  feet.    At  Arlington  Heights  a  black  soil  was  observed 

at  a  depth  of  70-75  feet    A  well  section  in  township  41,  range  10  east,  gave  the 

following  log: 

YcUow  tilL 10-15  feet 

Blue  till 125       " 

Black  SOU 4      " 

"  nUnois  Glacial  Lobe,  pp.  583-587. 
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Sandy  till 50    feet 

Gravel  with  water 2       " 


Total  thickness 196 


i> 


It  is  bdieved  that  the  till  sheet  beneath  this  old  soil  represents  the  Illinoian 
gladation  and  the  old  soil  the  Sangamon  (and  possibly  the  Peorian)  intergladal 
interval.  It  is  probable  that  lake  deposits  similar  to  those  recorded  in  the 
preceding  pages  were  formed  during  this  inteiglacial  stage,  but  the  evidences 
of  such  have  been  obscured  or  obliterated  by  the  later  Wisconsin  gladation* 

VI.  Summary 

The  data  set  forth  in  the  pages  of  this  chapter  may  be  sununarized  as 
follows: 

1.  Above  the  boulder  clay  there  is  usually  a  layer  of  sand,  varying  in  thick- 
ness from  the  fraction  of  an  inch  to  twelve  inches.  This  varies  in  composition 
from  fine  sand  to  coarse  sand  and  gravel. 

2.  Superimposed  upon  this  sand  layer  is  a  bed  of  silty,  carbonaceous,  or 
peaty  material,  var3ang  in  thickness  from  one  to  forty  inches.  This  is  some- 
times interstratified  with  one  or  more  beds  of  sand.  This  stratum  contains 
numerous  fresh  water  shells  belonging  to  shallow  water  species.  Oak  leaves 
and  spruce  cones  are  associated  with  the  shells. 

North  of  Devon  Avenue,  and  extending  as  far  as  Wilmette,  the  equivalent 
of  this  stratum  is  represented  by  a  strongly  oxidized  covering  of  the  boulder 
day,  the  upper  ten  to  forty  inches  of  the  latter  being  filled  with  rootlets  of  the 
Vi^etation  which  grew  upon  the  oxidized  surface.  This  old  land  surface  has 
been  reported  from. many  parts  of  Evanston.  Leverett  says,^^  ''some  of  the 
sewer  ditches  in  Hyde  Park,  west  of  Grand  Boulevard,  have  reached  peat 
deposits  bdow  sand,  at  a  levd  a  few  feet  above  the  lake. "  This  deposit  is 
probably  the  same  as  the  one  found  in  the  north  shore  channd  and  elsewhere. 
In  the  Ogden  ditch,  near  Austin  Avenue,  a  f)eat  deposit  occurs  below  a  Unio 
bed.  Near  Oak  Park  and  Ogden  avenues  a  silt  deposit  is  found,  below  sand, 
which  is  oxidized.  In  the  Calumet-Sag  channd  the  boulder  pavement  may 
represent  this  episode. 

The  geological  character  of  these  deposits,  and  espedally  their  biological 
contents,  leads  at  once  to  the  condusion  that  they  represent  a  low  water  stage 
of  glacial  Lake  Chicago,  the  \^aters  of  which  were  warm  enough  (cold  tem- 
perate) to  stqyport  a  varied  molluscan  fauna.  Oak  and  spruce  grew  upon  the 
higher  ground.  The  lake  at  this  stage  could  not  have  been  higher  than  about 
ten  feet  above  the  present  datum  or  590  feet  above  tide. 

3.  The  silt  and  peaty  deposits  are  covered  by  gravd  and  sand  from  2  to  19 
inches  in  thickness.    This  deposit  varies  in  character  from  fine  sand  of  a  silty 

"  Pleistoceiie  Features,  p.  51. 
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consistency^  to  coarse  gravel,  approaching  shingle.  This  stratum  has  been 
encountered  eveiywhere  in  the  Chicago  basin  where  excavations  have  been 
made.  On  the  beaches  and  bars  the  sand  is  piled  up  to  a  depth  of  17  to  25 
feet.  The  FuUerton  Avenue  conduit,  which  extends  from  the  Chicago  River 
into  the  lake,  cuts  thru  the  lower  beach  (on  Clark  Street)  giving  an  excellent 
section  of  this  formation.  Of  this  conduit  Leverett  says/^  ''The  sand  has  its 
greatest  thickness  at  about  1,700  feet  from  the  lake,  where  it  reaches  25  feet^ 
It  decreases  westward  to  17  feet  at  2,100  feet  from  the  lake,  and  to  12  feet  at 
6,000  feet,^'  and  entirely  disappears  before  reaching  the  Chicago  River  valley. 
Toward  the  lake  shore  it  also  decreases,  being  about  18  feet  in  depth  for  1,400 
feet  west  from  the  shore.  At  the  waters  edge  the  depth  is  about  10  feet  The 
profile  continues  out  1,100  feet  below  the  lake,  and  there  is  but  3  feet  of  sand 
at  its  temunus.^' 

The  deposits  discussed  above  include  the  material  which  formed  the  Grace- 
land  bar  and  the  Toleston  beach  and  are  not  homologous  with  the  sand  and 
gravel  deposits  discussed  under  this  section,  altho  they  probably  include  these 
deposits  in  the  lower  part  of  the  strata.  Altho  Leverett  states  that  the  sand 
entirely  disappears  before  reaching  the  Chicago  River  valley,  the  writer 
observed  sand  and  gravel  deposit^  in  various  localities  for  a  considerable  dis» 
tance  down  the  valley,  on  the  banks  of  the  river,  near  the  water's  edge.  South 
of  Lawrence  Avenue,  they  are  mostly  below  the  surface  of  the  river. 

4.  Resting  on  and  in  the  upper  part  of  the  gravel  deposit  is  a  heavy  bed  of 
Unios  and  other  moUusks.  This  bed  has  been  observed  in  many  parts  of 
Chicago,  and  its  presence  is  assumed  to  be  as  imiversal  as  are  similar  beds 
which  are  found  today  in  our  large  rivers.  In  the  north  shore  channel,  they 
have  been  observed  from  Montrose  Boulevard  to  Devoa  Avenue,  a  distance 
of  about  two  and  one-half  nules.  The  same  deposit  occurs  at  Austin  Avenue 
and  Ogden  ditch,  and  in  the  Caliunet-Sag  channel.  North  of  Devon  Avenue 
this  deposit  does  not  occur,  showing  that  the  water  was  not  deq>  enough  for 
the  heavy  Unios. 

5.  Above  the  Unio  beds  occur  deposits  of  silt,  sand,  peat,  and  marl  beds, 
varying  from  19  to  59  inches  in  thickness.  The  lower  deposit  of  silt  or  sandy- 
silt  is  usually  devoid  of  life;  but  the  upper  layers  are  filled  with  moUusks  and 
fish  remains  representing  species  which  live  in  comparatively  shallow  water. 
In  several  localities  distiuct  marl  beds  occur  which  are  solid  masses  of  shells. 
The  upper  part  of  the  silt  deposits  is  oxidized,  giving  indisputable  evidence  of 
a  former  land  surface.  This  stratum  also  contains  the  burrows  of  crayfish 
and  the  remains  of  Poiamogeton,  Chara^  and  Najas,  all  evidences  of  shallow 
water.  North  of  Devon  Avenue  the  silt  deposits  above  the  gravel  contain  the 
remains  of  moUusks  which  live  in  veiy  shallow  water  or  in  swales  and  marshes. 

»  Claik  Street,  the  crest  of  the  Tdeston  beach. 
»  West  of  the  St  Paul  tracks. 
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6.  This  apparent  land  surface  is  covered  by  silt  or  peat  beds,  with  an 
occasional  thin  sand  layer.  MoUusks  are  abundant  in  places.  These  strata 
are  covered  with  a  silty  layer  containing  the  plant  Potamogeknty  indicative 
again  of  shallow  water.  The  upper  silt  deposits  are  oxidized  and  contain 
crayfish  burrows,  which  are  evidences  of  a  land  surface.  The  peat  beds  are 
apparently  local  and  were  possibly  laid  down  in  kettle  holes  in  the  ground 
moraine.    These  deposits  vary  from  15  to  52  inches  in  thickness. 

7.  These  dqx>sit5  are  everywhere  capped  by  sandy-silt  or  peat  deposits 
changing  to  loam  at  the  siuface,  averaging  about  20  inches  in  thickness.  The 
lower  part  of  the  deposit  contain  the  shells  of  shallow  water  mollusks.  In  the 
Calumet-Sag  channel  the  upper  peat  deposit  is  in  places  over  11  feet  in  thick- 


Standing  out  clearly  in  the  foregoing  summary  are  the  following  significant 
facts: 

1.  A  low  water  stage  early  in  the  lake's  history. 

2.  A  period  of  strong  gravel  formation  indicating  a  rising  water  body. 

3.  Two  land  and  low  water  stages  separated  by  water  bodies  of  vaiying 
dq>th. 

This  interpretation,  based  on  the  north  shore  channel  deposits,  is  expressed 
in  Plate  XXX. 

The  data  set  forth  in  the  preceding  pages  are  considered  in  chronological 
order,  the  biological  significance  being  given  first  place,  in  the  chapter  that 
follows. 


CHAPTER  III 
THE  LIFE  OF  GLACIAL  LAKE  CHICAGO  AND  ITS  SUCCESSORS 

I.  General  Statement 

In  subsequent  chapters  the  Ice  Age  is  discussed  and  its  different  stages, 
both  glsLOjA  and  intergladal,  are  considered.  In  the  present  chapter  only  the 
life  of  Lake  Chicago,  and  its  immediate  successors,  is  discussed,  the  inter- 
gladal  stages,  as  well  as  the  postglacial  territory  lying  beyond  Chicago,  being 
reserved  for  succeeding  chapters.  The  discussion  is  taken  up  chronologically 
in  order  that  the  evolution  and  migration  of  the  biota  may  be  clearly  shown. 
Comparisons  are  made  with  recent  lake  areas  in  New  York  State,  as  they 
plainly  illustrate  a  part  of  the  history  of  the  formation  of  old  Wilmette  Bay. 

11.  Waning  of  the  Wisconsin  Ice  Sheet  and  Formation 

OF  Ponded  Waters 

As  the  ice  receded  m  the  Mississippi  Valley,  several  bodies  of  water  were 
formed  at  the  ends  of  three  lobes  known  respectively  as  the  Erie  lobe,  the 
Michigan  lobe,  and  the  Superior  lobe.  These  lakes  were  bounded  on  one  side 
by  the  ice  and  on  the  other  sides  by  high  portions  of  the  land  surface,  usually 
moraines.  These  bodies  of  water,  known  as  lakes  Maumee,  Chicago,  and 
Duluth,  drained  into  the  Mississippi  river  via  the  Wabash,  Desplaines,  and' 
St.  Croix  rivers.  There  is  believed  to  have  been,  also,  a  lake  (Lake  Jean 
Nicolet)  southwest  of  Green  Bay  which  drained  thru  the  Wisconsin  River. 
By  these  water  routes  the  biota  advanced  northward  and  reoccupied  the 
glaciated  territory  (Plate  XXXI).  Of  these  water  bocCes  only  one. 
Lake  Chicago,  is  considered  in  detail  in  this  chapter. 

III.  Glacial  Lake  Chicago 

The  body  of  water  formed  at  the  extremity  of  the  Michigan  lobe  has  been 
given  the  name  of  Lake  Chicago  by  Mr.  Leverett.^  This  lake  stood  at  various 
levels  which  are  marked  by  more  or  less  well-developed  beaches.  These 
beaches  indicate  well  defined  stages,  several  of  which  embraced  the  entire  Great 
Lakes  system.^ 

*  Pleistocene  Features,  pp.  64-65,  1897. 

*  The  physical  history  of  the  fozination  of  the  Great  Lakes  has  been  well  described  by 
Alden,  Leverett,  Goldthwait,  and  Taylor  (see  Bibliography). 
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A.  THE  GLENWOOD  STAGE*  (PLAXE  XXXH) 

The  initial  stage  of  Lake  Chicago  is  known  as  the  Glenwood.  As  the  ice 
melted  back  of  the  Valparaiso  moraine,  a  crescent-shaped  body  of  water  came 
into  existence,  which  stood  at  a  height  of  60  feet  above  the  present  level  of  the 
lake  for  a  period,  but  soon  feU  to  55  feet,  after  cutting  thru  the  lowest  notch 
in  the  Chicago  outlet  below  Lemont.  At  this  stage  the  southern  portion  of 
the  lake  extended  from  Winnetka  west  and  south  to  Norwood  Park,  Oak 
Park,  LaGrange  and  Palos  Park,  southeast  to  Glenwood,  Illinois  and  Dyer, 
Indiana,  continuing  easterly  and  northeasterly  thru  northern  Indiana  and 
southwestern  Michigan.  Mt.  Forest  and  Blue  Island  were  conspicuous  islands, 
and  the  Desplaines  River  and  the  Sag  formed  two  wide  outlets,  thru  which 
the  gathering  waters  probably  rushed  with  great  velocity,  finding  an  outlet  in 
the  Illinois  and  Mississippi  rivers.  Three  bays  of  considerable  size  were 
formed:  Skokie  Bay  and  Chicago  Bay  (the  latter  being  apparently  almost  as 
large  as  Skokie  Bay)  on  the  north  and  Desplaines  Bay  on  the  west.  Well- 
marked  sand  spits  developed  across  the  mouth  of  Skokie  Bay  and  of  Desplaines 
Bay,  known  respectively  as  the  Skokie  spit  and  the  Oak  Park  spit.  Small  ba3rs 
existed  on  the  southern  shore  of  the  lake,  as  at  Dyer,  Indiana.  The  large 
bays  were  doubtless  swampy  at  their  heads  and  along  their  shores. 

Life 

There  is  no  evidence  of  aquatic  life  during  the  Glenwood  stage;  this  is  as 
would  be  expected  in  the  icy  waters  melting  from  the  glacier.  The  mastodon 
and  mammoth  probably  wandered  along  the  beach.  The  remains  of  these 
animals  have  been  found  in  Haas'  gravel  pit  in  Oak  Park,^  and  near  Evanston, 
Glencoe,  Naperville,  and  Wheaton.^  The  oyster  shells  and  other  mollusks  men- 
tioned by  Leverett*  were  probably  introduced  by  early  natives  in  graves.  The 
writer  has  examined  this  and  other  gravel  pits  on  the  Glenwood  beach  and  no 
evidences  of  life  have  been  foimd. 

B.  THE  BOWMANVILLE  LOW  WATER  STAGE^ 

The  Glenwood  high  water  stage  was  followed  by  a  period  of  low  water  when 
the  level  of  the  lake  fell  to  about  10  feet  above  the  present  level.    Conclusive 

*  The  maps  of  Lake  Qiicago  have  been  compUed  from  the  works  of  Leverett,  Alden,  and 
Goldthwait,  with  a  few  additions  by  the  author. 

*  Leveiett,  Pleistocene  Features,  p.  71. 

*  Anderson,  A  Preliminaiy  List  of  Fossil  Mastodon  and  Mammoth  Remains  in  Illinois 
and  Iowa,  pp.  ^10. 

*  Pleistocene  Features,  p.  70. 

'  As  this  stage  seems  equal  in  value  to  the  Glenwood,  the  Calumet,  or  the  Toleston  stag^ 
it  is  given  a  distinct  name.    As  its  development  is  most  pronounced  near  the  old  village  of 
Bowmanville,  this  name  is  suggested  for  the  stage. 
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data  are  siq>plied  by  a  bed  of  very  fine  silt  and  peat,  10  to  18  indies  in  thickness, 
which  overlies  the  thin  bed  of  GlenVrood  sand  or  lies  directly  upon  the  boulder 
day.  This  low  water  stage  is  affirmed  by  Leverett,'  Alden,'  and  Andrews,^^ 
but  is  questioned  by  Goldthwait,^  who  refers  the  peat  deposit  underlying  the 
Calumet  beach  to  the  Toleston  stage.  Leverett  ^^  has  recently  questioned  the 
age  of  the  deposits  found  bdow  sand  and  gravel  at  Bowmanville,  and  believes 
that  further  evidence  of  the  supposed  low  water  stage  should  be  found  in  the 
valleys  draining  into  Lake  Chicago,  suggesting  that  the  remains  of  the  Calumet 
beach  should  be  found  across  these  valleys  which  should  have  cut  thru  these 
valley  floors  to  the  levd  of  the  low  water  stage.  It  is  probable,  however,  that 
in  the  vicinity  of  Chicago,  at  least  on  the  North  Shore,  the  destruction  of  the 
shore  by  Lake  Michigan  in  recent  times  has  destroyed  much  of  this  evidence. 
The  lake  waters  may  also  have  cut  the  outlet  down  to  the  Calumet  levd  before 
the  low  water  stage.  The  suggestion  is  of  value  in  this  connection  and  should 
be  followed  when  opportunity  permits.  Alden^^  later  questions  the  low  water 
stage  between  the  Glenwood  and  Calumet  stages,  accepting  the  condusion  of 
Goldthwait  that  ''the  peat  is  merdy  a  lacustrine  deposit  fonned  in  quiet  wator 
behind  a  barrier  during  the  Calumet  stage  and  buried  by  shoreward  advance 
of  the  bar."  The  presence  of  this  extensive  and  wide-spread  silt  deposit, 
with  its  abundance  of  shallow  water  Ufe,  is,  however,  strong  evidence  of  the 
truth  of  Dr.  Andrews'  early  contention  of  a  post-Glenwood  low  water  stage. 
This  deposit  extends  as  &r  north  as  Devon  Avenue,  to  the  590  foot  contour. 

The  htunus  soil  mentioned  by  Andrews,  Leverett,  and  Alden,  possibly  repre- 
sents a  land  surface  correlative  with  the  post-Glenwood  stage,  altho  it  might 
rq>resent  a  marsh  fonnation  deposited  in  shallow  water  behind  a  bar  to  the 
eastward,  the  evidence  of  which,  however,  has  been  lost  by  the  destruction  of 
the  shore  in  later  years.  From  Devon  Avenue  to  the  lake,  along  the  line  of 
the  north  shore  channd,  there  is  a  deposit  of  water-laid  day,  of  vai3dng  thick- 
ness, which  underlies  Calumet  gravd  and  sand,  and  which  contains  a  mass  of 
roots  and  rootlets,  giving  (apparently)  conclusive  evidence  of  a  post-Glenwood 
land  surface  (see  figure  1). 

If  we  assume  that  the  depth  of  water  did  not  exceed  ten  feet,  the  outline 
of  the  submerged  area  would  appear  about  as  shown  in  plate  XXXm.  Mt 
Forest  and  adjacent  territory  would  have  been  a  large  island,  with' Lane's 
Island  to  the  south  and  Stony  Island  to  the  east.  The  outlet  foimed  two 
broad,  shallow  rivers.     The  area  covered  by  water  extended  from  about  Wil- 

*  Pleistocene  Features,  p.  7 1 ;  HI.  Gladal  Lobe,  p.  440.  '  « 

'  Geog.  of  Chicago,  pp.  32, 40,  Chicago  Folio,  p.  9. 

"  Trans.  Chi.  Acad.  Sd.,  II,  p.  15. 

>•*  Professional  Paper  106,  U.  S.  G.  S.,  pp  .332-333. 

"  Records  of  Extinct  Lakes,  p.  61.  ^ 

"•  U.  S.  Geol.  Surv.,  Mon.  Lm,  pp.  356, 357. 
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mette  oa  the  oorth  to  a  point  bctweea  the  Little  Calumet  and  the  Gcaad  Calu- 
met rivers  on  the  south.  It  extended  on  the  east  into  southwestern  Michigan. 
A  small  bay  must  have  developed  from  Foster  to  Devon  avenues,  which  was 
protected  frran  the  rough  waters  of  the  lake  by  a  long  bar.  A  suggested  outline 
of  Wihnette  Bay  is  shown  in  plate  XXXIV. 


Flgun^l.  Diagnm  illustrating  poeidoii  of  ahaJlov  w&tei  and  land  depoalU  benettli 
sand  and  gravd  of  Calumet  beach.  Section  of  beach  ridge  Mnth  of  Gnxa  Point  Figures 
to  left  of  ccdunuL  indicate  thkkaew  of  stnta  (iivrhes).  Figures  to  ri^t  of  cdtunn  iniUcste 
depth  of  water  (feet)  of  Lake  Chicago  at  time  deposit  was  made. 

a.  Life  of  WUmette  Bay 
The  life  of  this  stage  is  characteristic  of  ponds  and  lakes,  where  the  water 
varies  from  two  to  ten  feet  in  dq>th.  The  life  also  indicates  comparatively 
quiet  waters,  free  from  violent  wave  action.  It  is  possible  that  bars,  reefs, 
and  q>its  were  formed  to  the  eastward  and  later  destroyed  by  the  rising  of  the 
water.  The  species  of  plants  and  mollusks  contained  in  this  deposit  are  tabu- 
lated below: 

Plants 
Qutrtut  species  Picta  amadaitU 

Fofuhu  balianufera  Larix  larietMa 

Abitf  baiMmtfera  Catex  up. 

Thuja  ocdJtnlalit 

Aiiiinals 
Anoionia  graa^  Amnkola  emarpnata 

"        t^andis /ooliaita  "      Umoia 

Pnflenalala  "      lusirka 
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Lampsilis  luiecia  Campdoma  integrum 
Spkaerium  sulcatum  "      ifUegrum  obesum 

"        solidulutn  Pkysa  warreniana 

"        stHatinum  "      gyrina 

"       Jlavum  Ancylus  fuscus 

"        stamineum  Ancyhu  paraUdus 

"        stamineum  wisconsinensis  SegmenUna  armigera 

"        acuminatum  Flanorbis  tritohis 
Pisidium  affine  "     campanulaius 

"     compressum  "     anhrosus 

"     idakoense  "     defleckis 

"     variabile  "     exacuaus 

Valmta  tricarinata  *'     parvus 

Goniohasis  livescens  GdSba  rejlexa 

"     palusUris 
Lymnaea  stagnaiis  appressa 

The  majority  of  the  species  axe  represented  by  a  multitude  of  individuals 
showing  that  life  was  abimdant  during  this  period.  All  of  the  species  are  north 
temperate  and  boreal  in  distribution;  many,  indeed,  extend  as  far  north  as  the 
60th  and  70th  degrees  of  north  latitude.  It  is  not  remarkable,  therefore,  that 
this  life  should  have  followed  so  closely  the  retreating  ice.  The  oak,  spruce 
and  other  conifers  are  also  indicative  of  a  cold-temperate  climate;  the  spruce 
does  not  now  live  within  about  one  hundred  miles  of  Chicago,  and  the  other 
trees  are  of  northern  distribution.  The  late  Prof.  Penhallow^  compared  the 
spruce  found  at  Evanston  to  Picea  sUchensts,  a  species  of  the  west  coast  of 
America.  The  spruce  found  in  the  north  shore  channel  has  been  identified  as 
Picea  canadensis^  which  is  abundant  in  southern  Michigan  and  Wisconsin, 
and  extends  northward  to  Alaska  and  Hudson  Bay. 

The  number  of  specimens  of  the  cones  and  the  wood  of  the  spruce,  and  the 
wood  and  leaves  of  the  oak,  and  other  trees  point  to  the  abundance  of  these 
spedes  during  this  period.  Of  the  spruces  Prof.  Davis  said:  "These  conifer 
remains  occur  in  such  abundance  in  the  sandy  material  that  it  would  seem 
highly  probable  that  the  trees  from  which  both  the  leaves  and  cones  came,  must 
have  been  abundant  in  the  immediate  vicinity  of  the  lake  during  the  time  when 
the  deposits  were  being  formed.  It  does  not  seem  likely  that  so  much  material 
of  this  sort,  immixed  with  other  plant  remains  could  have  been  washed  down 
the  shore  of  the  lake  from  the  north,  for  any  distance,  and  at  the  present  time, 
Picea  canadensis  is  found  only  a  considerable  distance  to  the  north  of  your 
locality. " 

As  the  strata  containing  these  evidences  of  life  do  not  extend  far  beyond 
Devon  Avenue,  or  a  mile  and  a  half  north  of  Foster  Avenue,  it  is  apparent  that 
the  level  of  the  lake  could  not  have  been  much  over  ten  feet  higher  than  the 
present  level.    The  ground  moraine  in  this  area  is  notably  undulating,  forming 

"Trana.  Roy.  Soc.  Canada,  DC,  pp.  29-32, 1891. 
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''kettle-holes"  of  considerable  size.  Several  of  the  elevations  of  the  ground 
moraine  are  of  such  height,  from  nine  to  fifteen  feet,  that  they  may  have  formed 
little  islands  in  the  shallow  lake  (see  plate  XXXIV).  A  notable  example  is 
near  Lincoln  Avenue,  where  the  boulder  clay  of  the  ground  moraine  is  exposed 
on  the  surface  for  nearly  half  a  mile.  If  the  level  of  the  lake  was  as  low  as  the 
present  level,  as  has  been  suggested  by  Leverett,  these  depressions  might  have 
contained  ponds  or  pools,  similar  to  many  which  may  now  be  found  in  the  Sko- 
kie  marsh  area.  The  presence  of  such  moUusks  as  AnodotUa,  Lymnaea,  Atimir 
cola,  and  Campdoma  rather  disprove  this  theory,  however,  as  these  species  live 
in  lakes  or  ponds  usually  having  connection  with  a  lake  or  river  of  some  size. 
The  species  of  moUusks  contained  in  these  lower  deposits,  together  with  the 
stratigraphical  character  of  the  deposits,  both  lacustrine  and  terrestrial,  point 
to  the  conclusion  that  they  were  formed  in  shallow  water,  not  exceeding  ten 
feet  in  depth,  which  was  protected  from  the  violence  of  the  waves  on  the  east 
by  a  low  sand  bar,  subsequently  removed  by  the  rising  of  the  water  preceding 
the  Calumet  stage. 

h.  Other  Deposits  Bdonging  to  this  Stage 

A  marl  deposit  was  observed  near  the  Ogden  ditch,  on  Austin  Avenue, 
which  probably  may  be  correlated  with  the  deposits  previously  mentioned. 
It  underlies  five  feet  of  peat  and  silt  (the  latter  with  naiads)  and  contains  the 
following  spedes  of  moUusks: 

*  Pisidium  tetiuissimum  *  Valvata  tricarinata  unicaHnaia 

"     nmdianum  Physa  warremana 

*  MuscuUum  truHcatum  *     "    walkeri 

*  "     secure  Planorbis  antrosus 
Ammcola  limosa  "      campamdatus 

"     lustrica  "      parvus 

.  *  Galba  obrussa  decampi 

It  will  be  noted  that  six  spedes  and  one  race  are  found  in  this  deposit  which 
are  absent  from  the  two  deposits'  previously  discussed.  These  are  indicated 
by  an  asterisk  in  the  list. 

The  richness  of  the  moUuscan  fauna  of  the  Bowmanville  low  water  stage  is 
indicated  in  the  following  table  (spedes  and  races  treated  alike) : 


Anodanta 

2 

Goniobasis 

1 

Proptera 

LampsUis 

Spkairium 

MuscuUum 

Pisidium 

1 
1 
7 
2 
6 

Campdama 

Physa 

Ancyius 

Segmentina 

Planorbis 

2 
3 
2 

1 
6 

Amnicola 

3 

Gaiba 

3 

Valvata 

2 

Lymnaea 

1 

■ 

Total  qoedes 

43 
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c.  Cause  of  Low  Water  Stage 

Just  what  may  have  caused  the  level  of  the  water  of  Lake  Chicago  to  fall 
is  not  definitely  known.  The  uncovering  of  a  lower  outlet  to  the  northeast 
is  suggested  by  Leverett"  and  Alden."  The  readvance  of  the  ice  mentioned 
by  Alden^  and  Goldthwait"  may  have  succeeded  this  low  water  stage.  The  red 
clays,  which  are  buried  under  Calumet  beach  deposits,  appear  to  have  been 
left  in  a  retiring  water  body."  Goldthwait"  has  suggested  that  the  peat 
deposits  mentioned  by  Andrews,  Leverett,  and  Alden,  might  be  "a  lacustrine 
deposit,  formed  in  quiet  water  behind  the  barrier  during  the  Calumet  stage, 
and  buried  by  shoreward  advance  of  the  reef. "  This  seems  scarcely  possible, 
in  view  of  the  data  at  hand,  as  these  deposits  are  widespread  and  have  been 
fotmd  in  most  places  where  excavations  have  been  made,  and,  as  recorded  by 
Andrews,  underUe  both  the  Calumet  and  Toleston  beaches. 

Leverett  says^*  "The  peat  not  only  underlies  the  bar  under  discussion  (the 
Rose  Hill  bar),  but  extends  eastward  across  the  interval  between  it  and  the 
third  beach.**  There  seems  no  escape  from  the  conclusion  that  the  lake  stood 
at  a  lower  stage  than  the  level  of  the  second  beach  before  that  beach  and  the  bar 
under  discussion  were  formed"  (See  figure  1).  Leverett's  statement  is  sub- 
stantiated by  the  character  of  the  deposits  found  in  the  north  shore  channel, 
and  the  post-Glenwood  low  water  stage  must,  therefore,  be  admitted  as  having 
existed. 

Leverett's  and  Alden's  suggestion  of  an  outlet  to  the  northeast  is  not 
tenable.  Until  the  coalescence  of  the  waters  of  the  Afichigan  basin  with  those 
of  the  Superior  and  Huron  basins  to  form  Lake  Algonquin,  the  history  of 
Lake  Chicago  (as  far  as  known)  was  quite  distinct  from  that  of  the  northern 
and  eastern  basins.  The  Algonquin  stage  occurred  long  after  the  low  water 
stage  under  discussion.  The  cause  of  the  variation  in  level  of  Lake  Chicago 
must,  therefore,  be  looked  for  in  the  fluctuation  of  the  glacial  lobe  in  the 
Michigan  basin.  It  is  known  that  the  ice  margin  retreated  and  advanced 
several  times  in  the  Huron-Erie-Ontario  basins,  these  fluctuations  opening 
new  outlets  and  affecting  the  level  of  the  water  in  these  basins.  Corresponding 
changes  occurred  in  the  Michigan  basin,  and  it  is  probable  that  to  these  we 
must  ascribe  the  early  changes  of  level  of  Lake  Chicago.  The  ice  of  the 
Michigan  lobe  left  two  moraines  which  indicate  as  many  advances  of  the  ice 

^  Pleistocene  Features,  p.  71. 

M  Chicago  Folio,  p.  9;  Delavan  Lobe,  p.  70. 

»  Milwaukee  Special  Folio;  Science,  XXIX,  p.  557, 1909. 

^  Abandoned  Shore  Lines,  pp.  2, 40. 

^'  Alden  and  Leverett 

^'  Records  of  Extinct  Lakes,  p.  61. 

^*  Pleistocene  Features,  p.  74. 
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front;  one  at  Milwaukee  (conelative  with  the  Port  Huron-Whitehall  moraine) 
and  one  at  Two  Rivers,  Wisconsin  (believed  to  represent  the  Manisteie  moraine). 

During  one  of  these  retreats  the  ice  may  have  opened  an  outlet  north  of 
the  Green  Bay  Valley  which  caused  a  lowering  of  the  lake  level.  Writing  of 
the  changes  in  the  Michigan  basin,  Taylor  says/*  ''Bordering  the  west  shore 
of  Lake  Michigan  and  extending  into  the  Green  Bay — ^Lake  Winnebago  trough 
and  the  Fox  and  Wolf  River  valleys  is  an  extensive  deposit  of  red  clay,  partly 
laminated,  partly  pebbly  and  massive,  which  was  described  by  Chamberhn 
in  his  Geology  of  Eastern  Wisconsin.  Later  study  of  this  deposit  by  Alden, 
under  the  direction  of  Chamberlin,  shows  that  the  laiger  part  of  this  deposit, 
the  massive  pebbly  clay,  is  to  be  interpreted  as  glacial  till  which  was  laid  down 
during  a  readvance  of  the  glacier  in  the  Lake  Michigan  basin  as  far  south  as 
Milwaukee  and  of  the  Green  Bay  lobe  in  the  Green  Bay-Lake  Winnebago 
trough  to  a  point  south  of  Fond  du  Lac,  Wis.  The  ice  also  crowded  west- 
ward in  the  Fox  and  Wolf  River  valleys.  The  red  silt  composing  the  laminated 
clay  and  the  matrix  of  the  massive  pebbly  day  is  thought  to  have  come  from 
the  Lake  Superior  region,  being  brought  into  the  Green  Bay  and  Lake  Michigan 
basins  by  the  opening  of  a  southward  outlet  southeast  of  Marquette.  The 
first  opening  of  this  outlet  must  have  been  at  or  near  the  climax  of  the  stadial 
retreat  immediately  before  the  readvance  to  the  first  red  till  moraine.  The 
phenomena  indicate  a  readvance  over  a  relatively  wide  interval,  and  it  seems 
certain  that  if  a  lower  outlet  had  been  opened  by  the  retreat,  it  was  closed 
again  by  the  readvance  and  the  level  of  the  glacial  waters  in  the  western  half 
of  the  Lake  Superior  basin  were  raised  again  to  the  level  of  some  earlier,  higher 
outlet.  Perhaps  this  accounts  for  the  faintness  of  some  of  the  beaches  im- 
mediately above  the  Algonquin  beach  in  the  Lake  Superior  basin;  they  may 
have  been  submerged  and  obliterated  after  they  were  made. "  These  fluctua- 
tions may  have  affected  the  level  of  Lake  Chicago.  Professor  Upham^  be- 
lieves that  Lake  Chicago  flowed  thru  a  glacial  lake  which  he  calls  Lake  Jean 
Nicolet  (via  the  Wisconsin  River  to  the  Mississippi  River)  during  this  low 
water  stage,  and  that  the  Green  Bay  region  has  been  uplifted  since  that  time. 
This  opinion  seems  untenable  because  the  divide  at  Portage  is  too  high  (797 
feet  above  sea  level)  for  an  overflow  at  the  Bowmanville  stage  (590  feet). 

Just  what  relation  the  Bowmanville  stage  may  bear  to  glacial  Lake  Wayne 
of  the  Huron-Erie-Qntario  basins  can  only  be  surmised.  This  lake  followed 
Lake  Whittlesey,  the  waters  falling  80  or  85  feet.  This  drop  in  level  was  due 
to  further  retreat  of  the  ice,  which  xmcovered  an  opening  along  the  ice  front 
near  Syracuse,  into  the  Mohawk  Valley.    Taylor  says,"  "  When  the  Huron-Erie 

*•  Smith.  Report,  1912,  p.  313. 

«  Amer.  GeoL,  XXXH,  pp.  105-115;  330-331, 1903. 

»  Smith.  Rep.,  1912,  p.  313;  also  30S306. 
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waters  were  discharguig  eastward  past  Syracuse,  the  volume  of  discharge  at 
Chicago  was  largely  diminished  and  the  lake  stood  slightly  lower. " 

Goldthwait^  has  recorded  a  forest  bed  (containing  peat,  sticks,  logs,  and 
tree  trunks,  some  of  the  latter  still  standing)  at  Two  Creeks,  Manitowoc 
County,  Wisconsin,  which  is  covered  by  12  feet  of  stony  red  till.  This  is 
evidently  a  part  of  a  moraine  laid  down  during  a  readvance  of  the  ice.  The 
correlation  of  this  forest  bed,  in  time,  with  the  Bowmanville  deposits  seems 
probable  (See  Chapter  TV  under  Wisconsin  for  a  discussion  of  this  dqx>sit),. 
The  old  forest  bed  and  the  red  clay  are  widely  distributed  in  the  Green  Bay 
Valley,  showing  that  this  period  was  widespread,  and  the  episode  must  have 
been  of  a  duration  sujSdent  for  the  growth  of  an  extensive  forest. 

Recent  studies  in  southeastern  Wisconsin  carried  on  by  Alden^  suggest  that 
the  Bowmanville  low  water  stage  might  have  occurred  during  the  Glenwood 
stage.  The  red  till  of  the  Whitehall-Port  Hiu-on  moraine,  near  Milwaukee, 
covers  the  sands  and  graveb  of  the  Glenwood  beach  (see  Alden's  figure  18,  page 
311)  showing  that  this  moraine  covered  the  high  beach  north  of  Milwaukee. 
South  of  Milwaukee  this  beach  is  continuous  and  vigorous  but  "north  of  this 
place  there  was  an  early  Glenwood  stage,  then  a  stage  of  gladation  followed  by 
a  later  Glenwood  stage  "  (p.  311).  It  would  not  be  impossible  for  the  Bowman- 
ville low  water  stage  to  have  occurred  between  these  two  Glenwood  stages 
especially  if  an  outlet  was  uncovered  somewhere  to  the  north  which  has  been 
elevated  since  by  differential  uplift.  The  life  of  the  Bowmanville  stage  is 
such  as  would  be  likely  to  be  found  in  the  cold  waters  of  a  lake  in  which  a 
glacier  was  several  hundred  miles  away.  The  low  water  stage  might,  there- 
fore, have  been  inter-Glenwood  instead  of  post-Glenwood  and  pre-Calumet. 
In  this  case  there  would  be  good  evidence  for  a  sudden  drop  from  the  Glenwood 
level  to  the  Calumet  level  of  the  lake. 

Whatever  may  have  been  the  cause  of  the  low  water  stage,  its  existence 
seems  beyond  question  and  its  place  between  the  Glenwood  and  Calumet 
beaches  is  attested  by  excavations  in  many  places.  It  is  also  possible  that 
before  the  low  water  period  the  Chicago  outlet  had  been  cut  down  sufficiently 
to  lower  the  level  of  the  lake  to  40  feet  above  the  present  level,  as  the  sub- 
sequent stage  did  not  rise  above  the  Calumet  beach  which  is  at  this  height 
As  the  level  of  the  lake  during  the  low  water  stage  was  about  ten  feet  above 
datum,  the  Chicago  outlet  could  not  be  used  and  the  outlet  river  formed  a  long 
narrow  bay.  If  any  deposits  were  made  at  this  time  they  were  subsequently 
removed  by  the  water  cutting  down  the  outlet  No  deposits  have  been 
observed  in  the  outlet  channels  which  can  be  referred  to  this  stage  with  con- 
fidence.   The  rising  of  the  water  which  inaugurated  the  Calumet  period  again 

''Abandoned  Shore  Lines  of  Wisconsin,  p.  61;  lAwson,  Bull.  Wis.  Nat  Hist  Soc.,  II, 
p.  170;  Alden,  The  Delavan  Lobe. 

»•  Professional  Paper  106,  U.  S.  G.  S.,  pp.  134, 311, 327, 1918. 
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flooded  the  lands  laid  bare  by  the  lowering  of  the  lake,  causing  the  extinction 
of  the  biota  in  the  lake  basin,  biuying  it  under  a  heavy  deposit  of  sand  and 
gravel. 

C.    THE  CALUMET  STAGE 

Following  the  period  of  low  water,  the  lake  again  rose  until  it  stood  35 
to  40  feet  above  its  present  level  (it  may  have  risen  to  the  Glenwood  level  and 
then  fallen  to  the  Calumet  level).  The  Calumet  beaches  are  usually  strongly 
marked,  showing  that  the  lake  must  have  remained  at  this  height  (35  feet) 
for  a  considerable  period.  This  uniform  level  was  probably  made  possible  by 
a  "sill"  of  bed  rock  near  Lockport,  which  offered  such  resistance  that  a  con- 
siderable time  was  needed  to  cut  thru  this  material.^  Goldthwait^  attributes 
the  bold  character  of  the  Calumet  beach  to  a  sudden  drop  from  the  55  foot 
level,  caused  by  cutting  thru  the  valley  train  in  the  Desplaines^  Valley,  but 
it  was  more  likely  fonned  (viewed  in  the  light  of  the  post-Glenwood  low  water 
stage)  by  the  rising  of  the  water  level  which  cut  cliffs  and  built  up  terraces. 
The  sand  overl>dng  the  post-Glenwood  silt  and  peat  beds  was  evidently  largely 
deposited  diuing  the  rising  of  the  lake,  as  it  is  so  widely  distributed  over  the 
lake  plain;  it  varies  in  thickness  from  2  to  19  inches,  and  in  character  from  fine 
sand  to  coarse  gravel. 

At  this  time  the  shore  of  Lake  Chicago  (Plate  XXXV)  extended  from  west 
of  Wilmette  south  to  Jefferson  Park,  Austin,  Riverside  and  Lyons,  and  thence 
down  the  Desplaines  Valley,  below  the  line  of  the  Glenwood  beacl\.  On  the 
south  side  the  beach  follows  pretty  closely  the  Glenwood  line  east  to  a  point 
just  south  of  Palos  Springs,  thence  southeast  to  near  Thornton,  from  which 
point  it  runs  east  and  northeast  into  northwestern  Indiana  and  southwestern 
Michigan.  Mt.  Forest  island  and  Blue  Island  were  joined  at  this  stage,  form- 
ing a  rather  long,  narrow  piece  of  land,  bent  in  the  form  of  a  bow.  Washington 
Heights  marks  its  eastern  limit  and  Summit  its  northern  limit.  A  hook  and 
small  bar  were  formed  southeast  of  the  former  village.  Extending  from  the 
northern  point  of  this  island,  in  a  northwesterly  direction,  was  a  large  bar  which 
terminated  in  a  strong  hook  (composed  of  three  overlapping  branches)  bent 
to  the  south.  This  bar  evidently  partly  enclosed  a  small  bay**  or  lagoon,  with 
marshy  borders,  which  was  of  considerable  extent  and  varied  in  depth  from  a 
few  inches  to  ten  feet.  The  crest  of  Lane's  Island  was  just  above  the  water, 
which  rushed  thru  the  Sag  outlet  in  a  stream  from  one  to  over  two  miles  in 
width. 

*  See  Goldthwait,  Records  of  Extinct  Lakes,  p.  61,  for  an  explanation  of  this  "stoping" 
process. 

**  Goldthwait,  The  Desplaines  Valley,  pp.  54, 55. 
**  For  convenience  this  may  be  called  Summit  Bay. 
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To  the  north  the  lake  developed  a  laige,  distinct  embayment  (Plate 
XXXVI).  From  the  shore  line  north  of  Wilmette  (now  cut  away  to  the 
extent  of  a  mile  or  more)  a  hook  was  formed  by  the  southward  drift  At  about 
the  same  time  an  off-shore  banier  of  sand  was  formed  which  extended  in  a 
north  and  south  line  from  Bowmanville  to  Evanston.  It  seems  evident  that 
this  bar  (the  Rose  Hill  bar)  was  largely  built  under  water  during  the  Calumet 
stage,  as  only  the  crest  is  above  the  35  foot  contour.  The  pronounced  bar 
and  peninsula  extending  from  Evanston  southward  was  built  up  during  the 
interval  between  the  Calumet  and  Toleston  stages  on  this  off-shore  barrier. 
During  the  Calumet  stage  there  were  evidently  several  breaks  in  the  bar,  which 
formed  shallow  water  connections  between  the  bay  and  the  larger  lake. 

The  west  side  of  the  barrier  developed  several  pronounced  hooks  which 
indicate  that  wave  and  current  action  were  strong.  Besides  several  minor 
hooks  and  ridges,  one  large  hook  extended  from  Rogers  Park  into  the  lake  in 
a  northwesterly  direction,  for  the  distance  of  a  mile.  The  dominant  wind  was 
evidently  from  the  south  or  southwest,  which  caused  the  formation  of  this 
strong  hook,  as  well  as  the  bow-shaped  curve  of  the  termination  of  the  barrier 
west  of  Bownianville.  As  the  town  of  Wilmette  lies  on  the  floor  of  this  ancient 
embayment,  it  has  been  named  Wilmette  Bay.** 

a.  Life 

It  is  probably  true  that  the  rising  of  the  waters  initiating  the  Calumet  stage 
exterminated  much  of  the  biota  occupying  the  lake  during  the  Bowmanville 
stage,  covering  it  with  a  layer  of  sand  and  gravel.  That  there  was  no  life  in 
the  waters  during  the  Calumet  stage  does  not  follow,  however,  and  it  is  highly 
probable  that  the  varied  naiad  faima  which  took  possession  of  Wilmette  Bay 
invaded  Lake  Chicago  sometime  during  the  lowering  of  the  lake  from  the  Calu- 
met (35  foot)  to  the  Toleston  (20  foot)  level.  In  the  bed  of  the  Calumet- 
Sag  channel  the  Unios  lie  directly  upon  the  boulder  pavement  which  forms  the 
covering  of  the  till,  and  these  are  covered  by  gravels  which  were  laid  down  dur- 
ing the  Toleston  stage,  mostly  in  the  later  part  of  this  stage.  These  are  con- 
sidered in  the  discussion  of  the  Toleston  stage. 

Leverett'^  and  Goldthwait'^  have  both  stated  that  no  evidences  of  life 
have  been  found  in  the  Calumet  beach.  Those  who  have  studied  the  recent 
beaches  of  the  Great  Lakes  know  that  life  is  frequently  absent  from  long 
stretches  of  beach,  and  when  present  at  one  time  may  be  at  another  totally 
obliterated  by  the  pounding  of  the  waves  and  the  moving  of  the  sand.  As  a 
rule,  fresh  water  beaches  are  poor  preservers  of  the  remains  of  life  while  quiet 
lagoons  and  bays  are  the  best  preservers,  even  the  delicate  wings  of  insects 

>•  Goldthwait,  Records  of  Extinct  Lakes,  p.  62. 
**  Pleistocene  Features,  p.  73. 
*^  Records  of  Extinct  Lakes,  p.  63. 
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aad  the  leaves  of  frail  water  plants  being  perfectly  preserved.  Even  in  the 
Toleston  beach  fossils  are  uncommon,  tho  they  are  abmidant  in  the  silts 
fonned  in  protected  localities  duxing  this  stage. 

b.  Supposed  Emdences  of  Marine  Life 

Alden**  has  reported  the  finding  of  certain  marine  moUusks  and  corals  in 
the  Calumet  beach,  near  Chicago  Lawn.  These  have  been  personally 
examined,  as  has  also  much  additional  material  from  other  locaUties.  Later 
investigation  has  shown  this  material  to  have  been  artificially  introduced  by 
the  American  Lidians,  and  the  localities  at  Chicago  Lawn  and  Palos  Springs 
may  be  safely  cataloged  as  old  camp  sites.  At  Palos  Springs,  Mr.  A.  Scharf , 
an  enthusiastic  archaeologist,  discovered  a  deposit  of  marine  sheUs"  mio^ 
with  flifU  chips.  These  were  in  the  Glenwood  beach,  and,  therefore,  if  the 
^arguments  advanced  for  the  presence  of  marine  conditions  during  the  Calumet 
stage  are  used,  the  presence  of  these  marine  shells  would  lead  to  the  hypothesis 
of  a  Glenwood  sea  separated  by  a  low  water  stage  of  fresh  water!  Similar 
material  has  been  found  in  other  localities  and  the  fact  of  their  recent  iadusion 
in  these  dq)osits  thru  man's  agency  cannot  be  questioned. 

The  presence  of  certain  marine  crustaceans  in  the  Great  Lakes'^  has  sijg- 
gested  the  possible  occupancy  of  the  lake  basins  by  marine  waters.  These 
organisms,  however,  easily  accustom  themselves  to  fresh  water  and  it  is  quite 
probable,  if  not  certain,  that  they  entered  the  lakes  by  way  of  the  North  Bay 
outlet,  via  the  Ottawa  river,  during  the  Champlain  submergence.  The  low 
temperature  of  the  glacial  waters  would  enable  these  creatures  to  become 
gradually  accustomed  to  fresh  water.*^ 

D.  THE  TOI£STON  STAGE 

After  a  period,  the  duration  of  which  is  not  known,  the  lake  fell  fifteen 
feet  and  built  up  a  third  set  of  shore  lines  from  20  to  25  feet  above  the  present 

"  Geography  of  Chicago  pp.  43-46;  also  Chicago  Folio.  See  this  volume  page  14  for  a 
dianisman  of  this  subject 

"  Found  300  feet  west  of  the  post  office. 
**  In  Lake  Superior  In  Lake  Michigan 

Mysis  rdida  My  sis  rdicta 

Ptmioporeia  hoyi  Pantoporeia  hoyi 

In  Lake  Qpatrio  "      JUscomis 

PotUoporeia  affinis  Trighpsis  ikompsoni 

"       sHmpsoni 
*  Smith,  S.  L,  The  Crustacea  of  the  Fresh  Waters  of  the  United  States.    Rq>.  U.  S. 
Fish  CoDL,  1872^,  pp.  642-645, 1874. 

Nfcholson,  A.    BulL  GeoL  Soc.  Amer.,  X,  p.  1 70. 

Stimpeon,  W.  On  the  Deep-water  Fauna  of  Lake  Michigan.  Amer.  Nat,  IV,  pp,  403- 
405, 187a 
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lake  level.  The  cause  of  this  lowering  of  level  was  probably  the  cutting  down 
of  the  outlet  near  Lockport. 

At  this  stage  (Plate  XXXVII)  the  shore  lines  extended  from  Wilmette 
southward  and  southeastward  to  a  point  north  of  Garfield  Park,  thence  south- 
westward  past  Hawthorne,  joining  the  Calumet  shore  line  below  Lyons.  On 
the  south  side  of  the  lake  the  shore  line  ran  parallel  with  the  Calumet  beach 
as  far  as  Palos  Springs;  from  here  it  extended  eastward  to  Dalton  and  then 
formed  a  long,  crescentic  beach  a  mile  or  two  north  of  the  Little  Calumet 
River,  and  joined  the  present  shore  line  east  of  Millers,  Indiana. 

Mt.  Forest  Island  was  greatly  increased  in  area  by  the  lowering  of  the  water, 
extending  from  Suromit  eastward  to  within  a  mile  of  Englewood,  thence  south- 
east to  Auburn  Park  and  Pullman,  and  south  to  a  point  a  mile  or  so  northwest 
of  Dalton.  The  island  was  increased  in  size  on  its  southern  border,  Lane's 
Island  became  a  long  and  narrow  piece  of  land,  and  the  Sag  outlet  was  reducecf 
to  a  narrow  stream  from  half  a  mile  to  a  mile  in  width.  Stony  Island  appeared 
above  the  water  at  this  stage. 

The  Rose  Hill  bar  (Plate  XXXVUI)  was  laigely  built  up  at  this  stage  to 
form  a  wide  peninsula  extending  from  Wilmette  to  Bowmanville,  and  an  off- 
shore barrier  developed,  extending  from  Rose  Hill  cemetery  in  a  southeasterly 
direction  to  North  Avenue,  at  the  southern  end  of  Lincoln  Park.  The  enclosed 
bay  was  over  ten  miles  in  length  and  from  one  and  a  half  to  three  miles  in 
width.  The  Rose  Hill  bar  was  probably  largely  built  up  during  the  interval 
between  the  35  and  20  foot  stage,  and  previous  to  the  formation  of  the  Grace- 
land  barrier.  This  is  made  evident  by  the  very  strong  character  of  the  hook 
extending  from  the  Rose  Hill  cemetery  thru  Bowmanville  to  the  Chicago 
River.  When  the  water  reached  the  20  foot  level,  or  perhaps  before  this  time, 
the  Graceland  bar  was  formed,  as  well  as  a  secondary  bar  or  beach  extending 
from  Evanston  to  Devon  Avenue,  and  thence  southward,  joining  the  Grace- 
land  bar.  Between  this  bar  and  the  Rose  Hill  bar  there  was  a  long,  very 
narrow  lagoon,  which  later  became  a  pond.  Another  pond  developed  to  the 
north,  extending  from  Church  Street  northward.  The  bed  of  the  first  long 
pond  can  easily  be  seen  west  of  Clark  Street,  between  this  ridge  and  the  higher 
Rose  Hill  bar,  now  known  as  Ridge  Avenue.  North  of  Rogers  Park  this  lake 
bed  is  now  cultivated  by  truck  gardeners.  The  contours  on  the  map  of  the 
Sanitary  District  suggest  many  irregular  hooks  which  usuaUy  develop  in  such 
situations,  where  wind  and  current  action  are  at  work  in  comparatively  shaUow 
water. 

a.  Comparison  with  modern  embayments 

Wilmette  Bay  extended  from  Foster  Avenue  north  to  within  a  short  dis- 
tance south  of  Central  Avenue,  Evanston.  At  this  stage  it  was  shallow,  the 
depth  ranging  from  20  feet  at  Foster  Avenue  to  2  feet  at  the  head  of  the  bay 
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south  of  Central  Avenue.  North  of  Devon  Avenue  the  depth  did  not  exceed 
7  feet.  It  is  conceivable  that  the  points  and  spits  of  the  shores  developed 
hooks  of  greater  or  less  size,  which  fluctuated  with  the  violence  of  the  waves. 
This  ancient  bay  may  be  compared  with  Braddock's  Bay,  New  York,  which  is 
a  small  body  of  water  on  the  south  shore  of  Lake  Ontario,  near  Rochester. 
Braddock's  Bay  has  a  length  of  over  a  mile  and  a  width  of  half  to  three  quarters 
of  a  mile.  Its  depth  does  not  exceed  9  feet,  and  in  most  places  it  is  less  than 
5  feet  in  depth  (Plate  XXXIX). 

A  large  portion  of  the  basin  in  which  Braddock's  bay  lies  (especially  the 
southern  portion)  is  a  vast  marsh  in  which  the  water  is  frpm  6  to  18  inches  in 
depth,  and  which  is  covered  with  such  plants  as  Typha  latifolia,  Sparganium 
eurycarpuMy  SagUtaria  kUifolia,  PotUederia  cordala,  and  Decodon  verticiUatus, 
The  water  is  more  or  less  filled  with  such  aquatic  plants  as  Chora,  Lemna, 
Potamogeian,  Scirpus,  Nymphcsa  advena  and  Castalia  odarata.  Several  years 
ago  careful  measurements  were  made  the  length  and  width  of  the  bay  which 
indicate  that  the  emba3mient  is  gradually  filling  up.  Sand  is  rapidly  being 
driven  in  by  the  waves,  the  two  long  sandy  points  at  either  end  of  the  shore 
attesting  the  violence  of  this  agency  (Plates  XL,  XLI).  The  hooks  are  gradual- 
ly extending  and  will  eventually  enclose  all  but  a  very  small  portion  of  the  bay. 
The  fauna  is  large  and  varied  including  sand-loving  and  swamp-loving  animals. 

b,  MoUusk  Fauna  of  Braddock's  Bay 

EUiptio  complanatus  Amnicola  emarginata 
Anodonta  marginata  "      limosa 

*'       grandis  "      lustrica 

"       grandis  benedicknns  Physa  gyrina 
LampsUis  nasuta  "    anciUaria 

'   "       radiata  Ancyltts  paraUdus 

"       hUeola  SegmenUna  armigera 

"        luUda  rosacea  Planorbis  parous 
Spkaerium  stdcatum  "      kirsutus 

"       fabale  "       antrosus 

Campdama  decisum  •  "      campanukUus 

"        integrum  "      trivolvis 

Valvata  obtusa  (introduced)  Galba  humilis  modicdla 
"     iricarinata  "    obrussa 

**     bicarinata  perdepressa  "    palustris 

Somatogyrus  subglobosus  "    catascopium 

Byildnia  tentacidata  Pseudosucdnea  cdumella 

Lymnaea  stagnaKs  appressa 

It  is  of  interest  to  compare  this  faima  with  that  of  the  ancient  Wihnette 
Bay,  which  was  doubtless  physiographicaUy  similar,  the  difference  being  in 
the  preponderance  of  the  naiades  in  the  latter  deposit.  During  a  late  stage  of 
Lake  Iroquois,  Braddock's  Bay  was  a  much  larger  body  of  water,  comparable 
in  both  extent  and  depth  with  Wihnette  Bay. 
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c.  Life  of  the  Toleston  Stage 
i.  Wilmette  Bay 

During  the  Toleston  stage  (or  possibly  the  latter  part  of  the  Calumet  stage) 
a  rich  naiad  fauna  took  possession  of  the  deeper  portion  of  the  bay.  These 
are  of  the  heavy  Mississippi  River  type  of  mussels;  these  animab  usually  live 
in  water  from  5  to  iO  feet  in  depth,  which  fact  accounts  for  their  absence  in 
the  strata  north  of  Devon  Avenue,  where  the  water  was  comparatively  shallow. 
As  this  fauna  lies  directly  upon  the  Calumet  gravels,  it  is  apparent  that  they 
appeared  early  in  this  stage.  These  moUusks  were  probably  brot  up  by  way 
of  the  Desplaines  outlet  (in  the  glochidium  stage)  thru  the  agency  of  fish. 
That  the  fauna  was  a  rich  one  is  attested  not  only  by  the  number  of  spedes 
represented,  but  notably  by  the  large  number  of  individuals,  the  beds  in  many 
places  being  as  thick  as  those  now  found  in  the  Mississippi  River  in  certain 
favorable  spots. 

The  moUuscan  fauna  of  this  stage  is  listed  below: 

Pusconaja  undata  Sphaenum  rhomboideum 
CrenodarUa  unduUUa  "        sulcatum 

"     peruviana  "        fiavum 

Quadrula  pushdosa  *'        striaHnum 

"       lackrytnosa  Pisidium  compressum 
Rotiundaria  tubercidata  "     scutettatum 

Pleurobema  coccineum  magnalacustris  "     virginicum 

EUipHo  crassidens  **     vofiabUe 

"     gibbosus  "     affine 

Lasmigona  costata  "     walkeri 

OUiquofia  reflexa  "     politum 

AmygdalofMJas  degans  "     spUndidutum 

Proptera  alata  "     pauptradum 

Eurynia  dUpsiformis  Campdama  integrum 

*'     recta  *'       subsoUdum 

LampsUis  lutecla  Goniobasis  Uvescens 

"     ventricosa  Amnicdta  Umosa 

"     Utsom 

35  species  are  represented  of  which  30  are  bivalves.  Three  of  the  species 
are  especially  notable.  Unto  (EUiptio)  crassidens  does  not  now  live  in  this 
r^on,  its  nearest  records  being  Utica,  La  Salle  County,  80  miles  southwest 
and  Cairoll  County,  125  miles  west  of  Chicago.  That  this  species  attained  a 
more  northern  range  during  the  Toleston  (or  an  earlier)  stage  s  evidenced  by 
the  discovery  of  a  specimen  some  years  ago,  by  Mr.  George  Wagner,*  in  deposits 
near  Green  Bay,  Wisconsin.  In  view  of  the  northern  extension  of  the  fossil 
form,  it  may  be  of  interest  to  tabulate  the  northern  limit  of  the  distribution 
of  the  recent  form,  and  to  compare  it  with  the  Green  Bay  fossil  record.'^ 

••  Nautilus,  XVm,  pp.  97-100, 1905. 

"  These  records  are  taken  from  recent  reports. 
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Sauih  of  Green  Bay  record 

Wisconsin,  between  Pzairie  du  Chien  and  De  Soto"*. 80  miles 

Minnesota^  not  recorded 

Iowa,  LansLag**.^ 80  " 

Michigan,  not  recorded 

Illinois,  Utica,  LaSaUe  Co.*« 220  " 

Ohio,  Scioto  Rivez«i 260  " 

Indiana,  Tippecanoe** 230  " 

It  is  interesting  to  note  that  recent  crassidens  is  found  only  in  the  Mississippi 
River  drainage.^ 

It  has  been  thot  that  the  presence  of  this  species  so  far  north  might  indicate 
a  period  during  which  a  warmer  climate  than  the  present  prevailed.  The 
accompan3dng  spedes,  however,  are  mostly  of  northern  distribution,  and  this 
assumption  may  rest  upon  insufficient  grounds;  it  may  be  a  case  in  which  the 
moUusk  was  not  able  to  adapt  itself  to  a  new  invironment  and  so  became 
extinct  so  far  as  these  regions  are  concerned.  The  lowering  of  the  water, 
changing  the  environment  from  a  bay  to  a  marsh  may  have  caused  the  extinc- 
tion of  the  Chicago  colonies.  The  Green  Bay  faima  evidently  migrated  up  the 
Mississippi  and  Wisconsin  rivers  and  thence  thru  an  embayment  of  glacial 
Lake  Chicago,  the  precursor  of  the  present  Green  Bay. 

Pleufohema  coccineum  magnalacustris  is  also  of  special  interest  It  is 
greatly  inflated  and  differs  quite  markedly  from  the  typical  form  of  coccineum, 
Simpson  remarks  that  it  "seems  almost  entitled  to  specific  rank. "  It  is  found 
in  the  St.  Lawrence  drainage,  particularly  near  Niagara  Falls,  which  is  the 
type  locality.  The  typical  form  of  coccineum  is  not  represented  in  the  Chicago 
deposits,  but  the  variety  is  one  of  the  most  abundant  of  naiads  next  to  crassidens 
and  puskdosa.  The  shells  mentioned  by  Miss  Letson  from  the  gravels  of 
Niagara  Falls,  are  probably  this  race.^  As  it  is  not  now  found  in  the  Mississippi 
drainage,  it  must  have  become  extinct  in  this  region  during  one  of  the  stages 
of  Lake  Chicago,  laical  coccineum  is  rare  or  wanting  in  the  St.  Lawrence 
drainage;  the  race  magnalacustris  seems  to  have  migrated  via  the  Chicago 
outlet  to  the  vicinity  of  Niagara  Falls  where  it  flourished  thru  several  lake 
stages,  but  finally  became  extinct  in  all  but  a  few  localities.  Recent  spedmens 
have  been  seen''^  from  the  Detroit  River  and  the  Grand  River,  Michigan, 

»•  Chadwick,  Bull  Wis.  Nat  Hist.  Soc.,  IV,  p.  95, 1906. 
M  Museum  xeoozd. 

«•  Baker,  BulL  HI.  Stote  Lab.  Nat  ^st,  VII,  p.  77, 1906. 
«  Stcrki,  Pioc  Ohio  Acad.  ScL,  IV,  p.  392, 1907. 
^  Daniels,  27th  An.  Rep.  Dept  GeoL,  Indiana,  p.  650, 1902. 

^  The  deposits  in  and  about  Green  Bay  should  be  careful^  examined,  for  they  doubtless 
contain  much  material  bearing  on  the  question  of  life  distribution  during  postglacial  times. 
*^  Geology  of  ^Hagara  Falls,  p.  252,  figuie  190. 
*  Walker  collection. 
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dearly  mdicating  the  route  by  which  this  race  reached  the  Niagara  Falls 
locality. 

The  presence  of  Amniccla  letsoni  ia  these  deposits  is  also  of  interest  This 
little  species  was  first  recorded  from  the  gravel  deposits  on  Goat  Island,  Niagara 
Falls,^  in  strata  laid  down  by  the  waters  of  Lake  Algonquin.  The  Toleston 
stratum  is  earUer,  contemporaneous  in  fact  with  early  Lake  Algonquin,  and 
it  is  probable  that  the  species  reached  the  Goat  Island  locality  by  way  of  the 
Chicago  outlet  Letsoni  was  at  first  thot  to  be  extinct,  but  has  since  been 
found  "recent,  tho  dead,  washed  up  on  the  shore  of  Lake  Erie^'  in  Monroe 
Coimty,  Michigan.  I  have  also  a  single  dead  specimen  from  the  drift  of  the 
Raisui  River  at  Dundee,  Michigan."  Letsoni^  like  Pleurobema  coccineum 
magnalacustrisj  may  be  a  species  approaching  extinction.  It  was  apparently 
abundant  during  the  Toleston  stage  of  Lake  Chicago  and  persisted  at  Niagara 
Falls  until  a  comparatively  recent  date. 

It  is  a  matter  of  great  interest  that  these  two  distinctive  species  originally 
discovered  (in  a  fossil  condition)  at  Niagara  Falls,  should  also  be  found  in  these 
earlier  deposits  of  glacial  Lake  Chicago,  clearly  showing  that  the  migration 
into  the  engladated  territory  was  by  way  of  the  Chicago  outlet.  The  Fort 
Wayne  outlet  of  Lake  Maumee  may  also  have  been  a  factor  in  repopulating 
the  Lake  Erie  region,  as  suggested  by  Walker,^^  but  it  must  be  remembered 
that  this  outlet  persisted  for  but  a  comparatively  short  period  (until  the  forma- 
tion of  Lake  Whittlesey)  while  the  Chicago  outlet  persisted  until  almost  the 
dOse  of  the  lake  stages  (until  late  in  the  Nipissing  stage).  The  evidence 
afforded  by  the  material  under  discussion  favors  a  migration  for  the  most  part 
by  way  of  the  Chicago  outlet 

A  comparison  of  the  moUuscan  faunas  of  the  Niagara  Falls  and  the  Chicago 
outlet  regions  shows  that  of  the  3i  species  found  in  the  Toleston  deposits, 
only  10  are  found  in  the  Goat  Island  gravels,  21  of  the  latter  being  different 
species.  The  gastropods  are  more  nearly  related  to  the  subsequent  stage  (of 
Lake  Algonquin). 

No  insect  remains  have  been  seen  from  these  deposits,  but  borers  have 
been  reported  from  the  fossil  oaks  at  Evanston.^' 

ii.  Toleston  Deposits  in  or  near  the  Outlet 

In  the^Sag  outlet  at  a  point  where  the  Calumet-Sag  channel  crosses  92nd 
Avenue,  the  faima  listed  below  lies  just  above  the  boulder  pavement  of  the  till 
In  this  deposit  the  absence  of  a  faima  referable  to  the  previous  low  water  stage 
is  noteworthy.    If  such  strata  were  laid  down  they  were  destroyed  by  the 

«  Letson,  Bull.  Buffalo  Soc.  Nat.  Hist,  p.  241,  fig.  165. 

^  Bryant  Walker  in  letter. 

«>  Nautilus,  XXVII,  p.  58  and  ante. 

^'  Higley  and  Raddin,  page  XV. 
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cutting  down  of  the  outlet  during  the  subsequent  rise  of  the  water  which 
initiated  the  Calumet  stage.  The  presence  of  EUiptio  crassidens  and  Pleura^ 
bema  coccineum  magnalacustHs  is  to  be  noted. 

EUipHo  crasMens  Campdoma  integrum 

"     gibbosus  **        integrum  obesum 

Pleurobema  coccineum  magnalacustris  Gonicbasis  Uvescens  depygis 

Crenodonta  undulata  Valwta  tricofinaia 

Fuscanaja  undaia  Amnicola  Kmosa 
Eurynia  recta  "      lustrica 

LampsUis  ventricosa  Pkysa  warreniana 

Pisidium  virginicum  Planorbis  defiectus 

At  a  point  where  Austin  Avenue  crosses  the  Ogden  ditch  a  silt  bed 
'  was  observed  which  contained: 

Pusconaja  rubiginosa  Pleurobema  couineum  magnalacustris 

Rotundaria  tuberctdata  EUiptio  gibbosus 

Eurynia  recta 

In  the  above  lists  Goniobasis  Uvescens  depygis  and  Pusconaja  solida  are  not 
found  in  the  deposits  of  the  north  shore  channel. 

iii.  Vertebrate  Life 

Birds 

The  biota  of  this  stage  included  vertebrates  as  well  as  invertebrates  and 
plants.  In  a  deposit  of  silt  between  two  beds  of  naiads  the  humerus  of  a 
Merganser  {Mergus  serrator)  was  found.  It  was  identified  by  Dr.  R.  W.  Shu- 
fddt. 

Mammals 

The  remains  of  the  higher  vertebrate  animals  have  been  found  in  the 
Chicago  area,  some  of  which  may  be  referred  to  this  stage  of  the  lake  history. 
Many  records  are  from  strata  which  cannot  be  definitely  correlated,  but  as  it 
is  believed  that  these  animals  roamed  the  shores  of  the  ancient  lakes  until  a 
late  period,  they  are  all  here  included. 

Mammut  americanum 

Wicker  Park,  near  Milwaukee  Avenue,  covered  by  13  feet  of  silt.    Jaw,  teeth,  and  other 

bones** 

Middle  beach,  Evanston,  on  C.  &  N.  W.  Railroad.    Fossil  ivory** 

Lake  County,  Indiana** 

Berrien  County,  Michigan*^ 


••  Blatchley,  1897,  p.  89. 

»*  Walker,  Nautilus,  XI,  p.  121. 
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a 

Elepkas  ^migmms  (or  cdumbi?) 

Lake  County,  Indiana** 

Haas'  gravd  pit,  Oak  Paik** 
Elephas  columbi 

Chicago  Heights,  in  creek  bank,  18  or  20  feet  below  surface,  in  Wallace  Creek.*' 
OdocoUeus  virginianus 

Toleston  beach,  Evanston.    Pelvic  bones.*^ 

Toleston  beach,  Evanston.    Femur.** 

£.   THE  SAG  LOW  WAIXR  STAGE^ 

{KifkfiM  Stage  of  Lake  Algonquin) 

Previous  to  the  Toleston  stage  the  glacial  lakes  consisted  of  local  bodies  of 
water,  which  grew  in  size  as  the  ice  melted.  Thus  we  have  lakes  Upham  and 
Duluth  in  the  Superior  basin;  lakes  Maumee,  Saginaw,  Arkona,  Wayne  Whit- 
tlesey, Warren,  and  Lundy  in  the  Huron-Erie  basin;  and  Lake  Chicago  in 
the  Michigan  basin.  During  the  formation  of  these  lakes  the  outlet  was  mostly 
by  way  of  Chicago  to  the  Gulf  of  Mexico.  Lake  Erie  began  as  a  small  body  of 
water  in  the  eastern  end  of  the  Erie  basin  its  outlet  being  into  Lake  Iroquob 
(in  the  Ontario  basin)  which  eiiq)tied  into  the  Atlantic  Ocean  via  the  Mohawk 
and  Hudson  rivers. 

The  ice  sheet  gradually  withdrew  farther  toward  the  northeast,  causing  the 
Superior,  Huron,  and  Michigan  basins  to  unite  and  form  a  single  body  of 
water  known  as  Lake  Algonquin.  During  the  life  of  Lake  Iroquois  the  ice 
uncovered  the  Trent  Valley  in  Ontario  which  provided  a  lower  outlet  for  the 
waters  of  Lake  Algonquin,  which  flowed  thru  this  valley  past  Elirkfield  into 
Lake  Lx)quois.  This  change  of  outlet  at  first  caused  a  lowering  of  the  water 
in  the  Chicago  region,  in  many  localities  a  land  smface  appearing.  This  con- 
dition is  attested  by  the  oxidized  character  of  some  of  the  silt  beds  above  the 
Unio  deposit  and  also  by  the  presence  of  peat  deposits.  Uplift  in  the  region 
of  the  'n:ent  outlet  eventually  brot  the  lake  up  to  a  level  high  enough  to  dis- 
charge again  thru  the  Chicago  and  St.  Clair  outlets.  The  water  in  the 
Chicago  basin  probably  was  raised  to  the  Toleston  level  (20  feet),  forming  the 
Hammond  stage.^^  * 

*»Leverett,1897,  p.  71. 

**  Collected  by  Mr.  James  H.  Kn^p. 

•*  Hic^ey  and  Raddin,  p.  XIV. 

**  Leverett,  1888,  p.  188. 

**  It  seems  desirable  that  the  different  stages  of  Lake  Chicago  and  its  successors  should 
receive  local  names,  even  when  the  stage  is  a  part  of  the  Great  Lake  system,  for  the  conven- 
ience of  students  of  postglacial  life.  As  this  low  water  stage  is  shown  to  the  best  advantage 
in  the  beds  of  the  old  Sag  outlet,  this  name  is  here  suggested.  See  footnote  under  Hammond 
stage. 

•T  Tills  height  is  given  by  Leverett  (12th  An.  Rep.  Mich.  Acad.  ScL,  p.  36).  Goldthwait 
(Bull  SL  Geol.  Surv.  VII,  p.  64;  XI,  p.  56)  refers  the  Algonquin  level  to  the  12-14  foot 
beaches.  The  evidence  in  the  north  shore  channel  and  elsewhere  is  in  favor  of  the  20  feet 
return,  as  suggested  by  Leverett. 


THE  LIFE  OF  GLACIAL  LAKE  CHICAGO 


87 


The  Toleston  stage  of  the  Chicago  basin  is  apparently  correlative  with  the 
early  part  of  Lake  Algonquin  when  the  waters  of  the  Superior,  Huron,  and 
Michigan  basins  had  united;  the  low  water  stage  occiuring  diuring  the  Kirkfield 
stage  of  this  episode.  The  low  water  period  is  radicated  by  beds  of  peat  in  the 
U19)er  part  of  Wilmette  Bay  and  by  thin  beds  of  sand  in  the  lower  part  Near 
Devon  Avenue  a  bed  of  peat  38  inches  thick  occurs,  interstratified  with  very 
thin  beds  of  fine  sand,  indicating  shallowing  conditions.  In  the  Sag  outlet 
this  stage  is  represented  by  several  feet  of  fine  gravel  and  sand,  containing 
pockets  of  fine  gravel  mixed  with  wood  and  shells.  These  deposits,  with  their 
biotic  contents,  are  indicated  below. 

a.  The  North  Share  Channel  (WHnieUe  Bay) 

In  the  north  shore  channel  the  strata  above  the  Unio  bed  consist  of  silt 
or  sandy  silt,  capped  by  a  bed  of  peat  The  biota  is  characteristic  of  shallow 
water;  the  upper  portion  of  this  deposit  is  interstratified  with  sand  indicating 
shallowing  conditions  and  the  life  in  these  upper  strata  embraces  more  typical 
spedc '  of  this  condition  than  do  those  below.  Wilmette  Bay  at  this  time 
was  probably  similar  to  a  portion  of  Braddock's  Bay,  New  York,  where  the 
water  is  from  5  to  9  feet  in  depth  (Plate  XLII).  The  fauna  and  flora  of  the 
shallowing  bay  is  listed  below. 


Plants 


Paiamogeton  species 
Hypnvm  species 
Najas  species 
Catex  species 


Animals 


Rohmdaria  tuber adata 
Quadrtda  pustulosa 
Cftnodanta  peruviana 
BMipHo  gibbosus 
Anodonta  grandis 

"      grandis  fooUana 
LampsUis  luteda 
Spkaerium  rkombMeum 

solididum 

flavum 

stamineum  wiscansinensis 

acuminatum 

striaiinum 

sukahtm 
MuscvUum  secure 

"        transversum 
Pisidium  affine 

compressum 

campressum  kmgaium 
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Chora  species 
Picea  canadensis 

"    mariana 
Quercus  species 

(Mollusks) 

Pisidium  scutdkUum 
walkeri 
abdUum? 
Campdoma  integrum 

"        subsdidum 
Goniobasis  livescens 
Vatvata  iricarinata 
Amnicda  limosa 

limosa  porata 
lustfica 
emarginata 
Samaiogyrus  subglobosus 
Physa  warreniana 
integra 
gyrina 
Ancylus  fuscus 

"     paraUdus 
Planorhis  antrosus 

campantdatus 


tt 
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Fisidium  kirklandi 
"     noveboracense 
"     pauperculum 

"  poUksm  decorum 

"  sargmU 

"  splendidulum 

"  variabile 

"  virginicum 

Amia  calva 
Lepomis  species 


Pisces 


Planofbis  trivohis 
"      deieclus 
"      exacuous 
"       parvus 
SegmetUina  armigera 
Gatbaobrussa 
"    palusiris 
"    reJUxa 
Lymnaea  stagnalis  appressa 


Silurid  or  CyprinM 


The  fish  are  represented  by  portions  of  skulls,  scales,  and  isolated  bones. 
In  the  case  of  Amia,  however,  a  single  rather  complete  skeleton  was  foimd. 

It  will  be  observed  that  the  moUuscan  fauna  of  the  bay  was  rich  and  varied, 
consisting  of  species  representing  all  of  the  important  families  of  fresh  water 
shells.  Compared  with  the  preceding  stage  the  decrease  in  the  Unionide  is 
notable  (from  17  to  7  species)  as  is  also  the  increase  in  gastropods  (from  5  to 
25  species).  The  larger  number  of  Pisidia  is  also  noteworthy  (from  9  to  15 
species).  It  is  seen  at  once,  by  a  comparison  of  this  list  with  that  of  the  pre- 
ceding stage,  that  in  the  stage  under  consideration  the  majority  of  the  spedes 
are  of  shallow  water  types — Lymnaea^  Planorbis,  Fhysa,  Ancylus,  Anodaniaj 
Pisidium — indicating  dearly  a  change  of  environment,  i.e.,  from  deeper  water 
with  sandy  bottom,  to  shallower  water  with  muddy  or  silty  bottom.  The  fish 
remains  were  assodated  with  the  plant  Charay  indicative  of  shallow  water. 
Wilmette  Bay  at  this  stage  had  become  so  shallow  that  the  naiads  could  live 
only  in  a  small  portion  near  the  center  and  toward  the  deeper  water  north  of 
Foster  Avenue,  where  the  bay  narrowed  and  opened  into  the  larger  bay  south 
of  Foster  Avenue  and  west  of  the  Graceland  bar. 

b.  The  Calumei-Sag  Channd  (Sag  OuUet) 

A  bed  of  sand  and  gravd  in  this  channel  (at  92nd  Street)  is  confidently 
believed  to  represent  this  low  water  stage.  It  is  over  four  feet  in  thickness 
and  contains  drift  wood  and  dead  shells  such  as  may  be  seen  in  shallow  water 
or  on  a  gravelly  beach.  A  varied  fauna  is  preserved  in  these  gravels,  as  noted 
bdow. 


Quadrula  puskdosa 

Fusconaja  undata 

Sphaerium  acuminatum 
"        occidentale 

Fisidium  virginicum 
compressum 
splendidulum 
medianum 


9» 
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Valvaia  tricarinaia 

"     tricarinaia  simplex 
'*     tricarinaia  confusa 
"     tricarinaia  uHicarinata 
Fhysa  warreniana 
"    inlegra 
"    walkeri 
Flanorbis  antrosus 
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Pisidium  faUax  Phnorbis  campanulalus 

Campdoma  integrum  obesutn  "      defleclus 

Goniobasis  liiescens  depygis  "      parvus 

Ammceia  limosa  SegmenHna  armigera 

"     lusirica  Galba  obrussa  exigua 

"    obrussa  decampi 

"    palustris 

"    woodruffi 

c.  The  Desplaines  Valley 

In  the  Valley  of  the  Desidaines  River  near  Lemont  a  bed  of  silt  and  marl 
overlies  the  Niagara  limestone,  which  contains  molluscan  spedes  similar  to 
those  in  the  Wilmette  Bay  deposits.  The  location  of  this  deposit  is  near  the 
595  foot  contour  and  the  mollusks  evidently  lived  along  the  edge  of  the  old 
outlet  in  shallow  water,  out  of  reach  of  any  strong  currents.  The  level  of  the 
lake  at  this  time  was  probably  too  low  to  allow  of  much  of  a  discharge  thru 
the  Chicago  outlet  and  the  vaUey  may  have  been  simply  a  long  narrow  bay 
during  this  low  water  period.  The  water  was  evidently  loaded  with  fine  sedi- 
ment, a  deposit  nearer  the  center  of  the  valley,  which  is  believed  to  be  correla- 
tive with  this  episode,  being  58  inches  in  thickness.  The  life  of  the  strata  at 
Lemont  is  as  noted  below. 
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Pisidium  compressum 
mainense 
splendidulum 

Valvata  tricatinata 

Ammcda  Um(fsa 
"     lustrica 

Goniobasis  Uvescens 

Campdoma  integrum 

Pkysa  warreniana 
"    integra 

Segmentina  armigera 


Planofbis  antrosus 

campanulatus 

trivolvis 

defiectus 

exacuous 

partus 
Galhareftexa 
"  obrussa 
Lymnaea  stagnalis  appressa 
Succinea  avara 
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A  peat  bed  above  the  silt  deposit  contains  biotic  remains  indicatmg  a  still 
greater  shallowing  of  the  water,  perhaps  preceding  a  temporary  land  surface. 
The  fauna  of  this  bed  includes: 


MoUuBca 


Valiata  tricarinata 
Amniccia  limosa 
"    lustrica 
Physagyrina 
Planorbis  exacuous 
Segmentina  armigera 


Odocoileus  nrginianus.    Skull 
Piber  zibethicus.    Skull 


Planorbis  parvus 
"      trivolvis 
Galba  obrussa 

obrussa  decampi 

reflexa 
Lymnaea  stagnalis  appressa 


It 
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Vertebrates 
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d.  Windsor  Parkj  South  Chicago 

At  the  comer  of  75th  Street  and  Jeffrey  Avenue  a  deposit  of  sand  and  gravel 
occurSy  five  feet  below  the  surface,  which  contains  fourteen  spedes  of  moOusks, 
as  noted  below. 

Sphaerium  striaiinum  Valvata  bicarinata  perdepressa 

Pisidium  virginicum  Gcmobasis  Hvescem 

"     compressum  conferhtm?  Ammcda  lustnca 

"     supcrius  "      emarfinata 

"     iMOffi^fije  (related  toy  but  distinct)       "      lelsofd 
Galba  catascopium  Somaiogyrus  integer 

The  bedrock  (limestone)  outcrops  nearby  on  Kingston  Avenue,  and  is  585 
feet  above  sea  level  or  5  feet  above  Lake  Michigan.  The  shells  were  evidently 
washed  behind  this  rock  barrier  duriag  the  low  water  stage.  The  presence  of 
Amnicola  letsoni  is  noteworthy. 

e.  EvansUm 

In  Marty's  section  of  the  Toleston  beach,  in  the  ridge  which  crosses  the 
University  campus,  a  number  of  shells  were  found  in  peat  and  silt  deposits, 
beneath  heavy  beds  of  beach  sand  and  gravel  believed  to  be  of  Hammond  age. 
From  this,  and  from  an  equivalent  deposit  in  a  section  more  recently  studied 
by  the  writer  fourteen  species  have  been  identified. 

Sphaernim  sukfUum  Ancyius  species 

Pisidium  dubium  ( >■  virgimcum),  Planorbis  tnwivis 
Gomobasis  hvescetu  **      eampauulakts 

Pleufocera  demUum  "      parvus 

Ammcda  limasa  Galba  paluslris 

"      hutrica  "     refiexa 

Pkysa  warreniana  "    caperala 

Naiad  shells  were  observed  but  too  much  decomposed  to  permit  of  identi- 
fication. AnodofUa  grandis  footiana  was  probably  represented.  An  oak, 
named  Quercus  tnarcyana  by  Prof.  Penhallow,  was  obtained  in  considerable 
quantity  from  the  sand  deposit  above  the  peat  bed  (see  4  and  5  in  I  of  Plate 
IV). 

F.   THE  HAMMOND  STAGE'* 

Differential  uplift  in  the  region  of  the  Trent  Valley  eventually  raised  the 
height  of  the  Kirkfield  outlet  until  the  waters  again  discharged  thru  the  Chicago 

■*  In  a  previous  paper  (Baker,  Ttans.  QL  Acad.  ScL,  IV,  pp.  109-116)  the  two  last  stages 
of  the  postglacial  lake  were  designated  "Middle  Toleston"  and  "Lower  Toleston. "  Strati- 
graphically  this  produces  a  geological  absurdity,  Lower  Toleston  being  placed  above  Upper 
Toleston.  These  terms  are  correct  for  the  lake  stages  but  are  not  correct  for  geological  strata. 
For  this  reason  the  term  Hammond  is  here  substituted  for  Middle  Toleston  and  Englewood 
for  Lower  Toleston,  these  names  being  quite  as  appropriate  as  the  terms  Glenwood,  Calumet, 
and  Toleston. 


THE  LIFE  OF  GLACIAL  LAKE  CHICAGO  91 

and  St.  Clair  outlets.  At  first  nearly  all  of  the  discharge  was  by  way  of  Chicago, 
but  as  that  outlet  was  controlled  by  a  rock  sill,  the  greater  outflow  was  shifted 
to  the  St.  Clair  outlet,  that  being  in  till  which  was  cut  thru  in  a  relatively  short 
time.  Of  the  Chicago  outlet  at  this  time  Taylor^*  sa3rs:  ''The  time  of  this 
large-volume  discharge  at  Chicago  was  the  time  when  the  Toleston  beach  was 
made,  and  if  there  was  a  beach  of  Lake  Chicago  there  before  and  controlled 
by  the  same  sill,  it  must  have  been  overwhelmed  and  worked  over  entirely  by 
Lake  Algonquin  waters."  This  is  probably  just  what  did  happen,  the  first  or 
Toleston  beach  being  formed  when  the  water  dropped  from  the  35  (Calmnet) 
to  the  20  (Toleston)  level;  the  beach  usually  called  Toleston  is  evidently  what 
is  here  designated  as  Hammond  and  was  formed  during  the  large-volume  dis- 
charge following  the  low  water  or  Eirkfield  stage.  Lake  Chicago  at  this  time 
had  about  the  same  outline  as  during  the  Toleston  stage.  Mollusks  and  other 
animals  survived  the  low  water  period,  and  an  eztenave  biota  is  preserved  in  the 
strata  of  this  second  high  water  stage. 

a.  WUmeOe  Bay  (North  Shore  Channd) 

Marl  and  sOt  beds  in  this  channel  south  of  Devon  Avenue  contain  a  varied 
biota  referable  to  the  Hammond  stage. 

Plants 

Palamoiekm  ^)ecies  Najas  ipedes 

Sckfus  spedes  Nymphaea  advena 

Carex  spedies  Typha  UU^oUa 

Animab 

Sphaerium  levissimum  Campehma  uUegrum 

"        stamneum  Valvata  tricarinata 

"        rhomhoideum  Atnnicola  Umosa 

"       flamtm  "       luskica 

"        sukaktm  Pkysa  warremana 

"       solididum  "    inhgra 

"        striaiinum  Planorbis  anirasus 
Pisidiutn  campressum  "      campamdatus 

"  affine  »      tnvolvis 

"  noddforacense  "      defiecku 

"  spiendidulum  "      parvus 

"  variabile  Galba  reflexa 

"  wrgitricum  Lymnaea  stagnalis  appressa 

Wifanette  Bay  had  about  the  same  outline  at  this  time  as  dming  the  Toles- 
ton stage  (see  Plate  XXXVHI).  North  of  Devon  Avenue  the  bay  was  shallow 
with  swampy  shores.  The  water  contained  such  plants  as  Chora  and 
Potamogeion,  and  the  shores  were  probably  lined  with  Typha.  This  shallow, 
marshy  portion  was  over  four  miles  long  and  from  one  to  two  miles  wide.    This 

"  Smith.  Rep.,  1912,  p.  319. 
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part  of  Wilmette  Bay  must  have  been  comparable  to  the  southern  portkm  of 
Biaddock's  Bay,  especially  that  part  bordering  the  shores  (see  map  Plate 
XXXIX,  and  Plate  XLIU).  This  habitat  afforded  an  ideal  home  for  shallow 
water  moUusks,  as  indicated  by  the  subjoined  list. 

Spkaerium  vtamhteum  Planorbis  parvus 

"        emargma^m  Sepnentina  amUgera 

MmscuUum  tftmcaium  Galba  caperaia 
Fisidiumafine  "  reJUxa 

Fkysa  gyrina  Succmea  retusa 
Planorbis  tritolvis  "      avara 

Cambarus  blamUngi  acutus 

The  cra3^fish  is  a  pond  or  lake  fonn,  not  a  river  fonn,  and  is  the  only  repre- 
sentative of  the  subgenus  Cambarus  living  in  this  territory  (vide  Ortmann). 
The  remains  of  this  crayfish  were  numerous,  but  always  pooriy  preserved, 
consisting  of  a  broken  carapace,  several  chehe,  and  fragmentary  legs.  This 
crustacean  lives  among  v^etation,  in  woodland  swamps,  shallow  ponds  and 
pools,  burrowing  occasionally  in  the  black  muck  soil. 

Dr.  A.  E.  Ortmann,  to  whom  specimens  were  submitted,  remarks  upon  the 
material  as  follows:  ''The  specimen,  of  course  is  awfully  poor;  but  as  it  hap- 
pens, one  very  important  character  is  seen:  the  corpulatory  hooks  of  the 
ischiopodites  of  the  3rd  and  4th  peraeopod  of  the  left  side,  are  distinctly  seen. 
Species  with  this  character  (subgenus  Cambarus)  are  all  southern,  with  the 
exception  of  C  Uandingi,  and  this  excludes  all  other  species  found  at  the 
present  time  in  your  region.  After  ascertaining  this,  and  also  ascertaining 
that  the  specimen  is,  according  to  these  hooks,  a  male  of  medium  size  in  the 
second  form  (impotent,  not  able  to  copulate),  I  compared  it  with  specimens  of 
the  living  form,  C  blandingi,  of  the  same  size  and  condition,  and  foimd  com- 
plete agreement.  The  fortunate  circumstance  that  this  is  a  male,  and  that  it 
shows  the  characteristic  hooks  of  the  ischiopodite  is  all-important,  and  I  do 
not  hesitate  at  aU,  to  assign  it  to  the  species  as  given  above. " 

b.  Sag  Outiel  (Calumd-Sag  Channel) 

In  the  Sag  outlet  a  deposit  of  fine  sand  overl3dng  the  gravel  deposit  evi- 
dently represents  the  deeper  water  of  the  Hammond  stage.  Eleven  species  of 
moUusks  have  been  noted  from  this  stratum. 

EUiptio  gibbosus  Valvata  tricaHnaUi 

Spkaerium  acuminatum  Pkysa  iutegra 

Pisidium  tirginicum  Planorbis  parvus 

Goniobasis  livescens  Galba  obrussa 
Ammcda  Hmosa  "    palustris 

"      lustrica 
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Four  feet  of  fine,  almost  impalpable  clay  cover  this  sand  deposit,  indicating 
that  the  water  at  this  later  stage  was  heavily  filled  with  sediment.  No  life 
was  observed  in  this  stratum. 

c.  Near  Calumet  Lake 

South  of  Calumet  Lake,  near  130th  Street,  east  of  the  Michigan  Central 
Railway  tracks,  a  number  of  moUusks  were  found  beneath  Indian  graves. 
They  are  believed  to  be  referable  to  the  Hammond  stage.  Six  species  are 
represented. 

Pusconaja  undata  Eurynia  recta 

Quadrula  pushdosa  LampsUis  venUricosa 

EUipHo  gUfbosus  Goniobasis  livescens 

G.   LOW  WATER  STAGE — THE  CHAICPLAIN  SUBMERGENCE 

The  continued  recession  of  the  ice  to  the  northeast  eventually  uncovered  a 
low  pass  thru  Lake  ^pissing  and  the  Ottawa  VaUey  and  the  lake  waters  fell 
upwards  of  60  feet,^  forming  a  three-lake  condition.  At  the  same  time  the 
land  to  the  east  was  submerged  and  the  sea  entered  the  St.  Lawrence  basin, 
forming  two  arms,  the  southern  ann  extending  well  into  the  Ontario  basin  and 
the  northern  arm  entering  the  Ottawa  Valley.  Oxidized  silt  beds  overl3nng 
the  deposits  of  the  Hammond  stage  are  believed  to  represent  this  low  water 
stage,  at  which  time  all  of  the  land  covered  by  the  lake  waters  was  made  dry. 
As  no  evidence  of  terrestrial  (or  other)  life  have  been  found  in  this  stratum 
it  is  to  be  presumed  that  the  low  water  stage  did  not  endure  long  enough  for  a 
fauna  and  flora  to  develop  or  migrate  from  the  south. 

H.   THE  ENGLEWOOD  STAGE*^ 

Continued  uplift  in  the  northern  portion  of  the  Nipissing  outlet  raised  the 
level  of  the  lakes  until  they  again  overflowed  southward  thru  the  St.  Clair 
River,  producing  a  condition  known  as  the  two-outlet  stage.  The  lakes  at 
this  stage  are  also  known  as  the  Nipissing  Great  Lakes,  the  area  covered  being 
but  little  greater  than  that  of  the  present  Great  Lakes.  Jn  the  Chicago  region 
the  waters  rose  to  about  twelve  feet  above  the  present  level.  The  shore  lines 
of  this  stage  ''are  characterized  by  an  exceptionally  strong  development  of  cut 
bluffs  and  terraces,  rather  than  by  beach  ridges.  In  this  manner  they  express 
the  vigorous  encroachment  of  a  lake  which  was  rising  upon  its  shores.  "*^ 

During  the  Englewood  stage  (Plate  XLIV)  the  shores  of  the  lake  differed 
little  in  position  from  those  of  the  two  preceding  stages,  except  in  the  northern 
r^on.    Wilmette  Bay  (Plate  XLV)  became  n\uch  smaller;  the  Graceland 

M  Goklthwait  (Records  of  Extmct  Lakes,  p.  66)  suggests  a  sea-level  stage. 

^  See  foot-note  page  90. 

**  Goldthwait,  Records  of  Extinct  Lakes,  p.  67. 
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barrier  became  a  bar  varying  in  width  from  one-half  to  nearly  two  miles.  From 
North  Avenue  to  Foster  Avenue  the  bay  had  a  length  of  nearly  five  miles  and  a 
maximum  width  of  a  mile  and  a  half.  From  Foster  Avenue  the  bay  extended 
northward  as  a  narrow  bayou  less  than  a  quarter  of  a  mile  Wide;  near  Lincohi 
Avenue  it  spread  out,  forming  two  arms,  and  becoming  a  little  over  half  a  mile 
wide.  The  total  extension  of  the  bay  north  of  Foster  Avenue  was  a  trifle  over 
two  miles.  It  varied  from  4  to  12  feet  in  depth.  The  character  of  the  deposits, 
as  well  as  the  life  contained  therein,  show  that  the  bay  was  for  the  most  part 
shallow  and  its  waters  quiet.  It  was  doubtless  bordered  by  cat-tails,  rushes, 
and  reeds,  and  the  shallow  waters  are  known  to  have  contained  Chora, 
Poiamogekm,  and  other  aquatic  vegetation. 

Sometime  during  the  F^lewood  stage  a  long  bar  was  formed  which  ex- 
tended from  the  southern  end  of  the  Graceland  bar,  at  the  south  end  of  Lin- 
coln Park,  to  the  Hammond  shore  line  near  South  Englewood,  passing  east  of 
Englewood  and  thru  Auburn  Park  (Plate  XLIV).  This  bar  completely  shut 
in  the  bay  north  of  Mt  Forest  island,  producing  a  huge  marsh,  similar  to  that 
now  existing  in  the  Sag  region  near  Worth. 

a.  Life ofWUmeUe Bay 

The  moUusks  which  have  been  found  in  these  deposits  are  suggestive  of  a 
shallow-water,  marsh-bordered  bay,  the  Valvatas  and  Amnicolas  occup3dng  the 
deeper  parts  and  the  small  bivalves  and  the  fresh  water  pulmonates  Uving  in 
the  shallower  portions  near  the  shore.  Fourteen  species  occur  in  these  deposits, 
as  shown  below: 

Plants 

Poiamogekm  and  Najas  were  common  plants  judging  by  the  abmidance  of  their  remains* 

Animals 


Sphaerium  sukaium 

Pkysa  integra 

"        stamineum 

"     gyrina 

"        solidulum 

Planofbis  anSrosus 

Musadium  transversum 

"          campanukUus 

Fisidium  compressum 

**          trivolvis 

'*      variabiU 

"          parvus 

Ammcola  Hmosa 

Galba  pahistris 

"      Hmosa  porata 

"    caperata 

Valvata  tricarinata 

The  borings  of  cra3^fish  were  very  numerous  in  this  d^osit,  attesting  the 
presence  of  these  crustaceans. 

b.  TheSagOuUet 

In  the  Sag  channel  a  bed  of  peaty  clay  lies  between  a  day  and  a  peat  deposit 
and  is  believed  to  represent  the  bottom  of  the  Sag  outlet  at  the  time  of  the 
Nipissing  (transition)  stage.    It  is  probable  that  but  little  water  flowed  thru 
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the  Chicago  outlet  at  this  time,  this  region  being  for  the  most  part  a  qtiiet  bay. 
Thirteen  species  of  moUusks,  an  insect  or  two,  and  a  few  bones  of  fish  were 
obtained  from  these  deposits.    These  are  noted  below. 

Mollusks 

Anodonia  species  Planarhis  exacuous 
Valvata  iricarinaia  "      parvus 

Ammcola  Umosa  AncyUts  paraUdus 

'*      lustrica  Gaiba  palusiris 
Fkysa  wanemana  "   reflexa 

Planarbis  campamdaius  Lymnaea  stagndUs  appressa 

"         (UUfOSUS 

Insects 
Donacia  proxima  CdleopUra,  punctostriate  el3rtron 

Fish 
Fxagments  and  small  bones. 

The  insects  were  referred  to  Prof  H.  F.  Wickham,  Iowa  State  University, 
Iowa  City,  Iowa,  who  writes  as  follows  concerning  the  Donacia: 
''The  specimen  is  a  fragment  showing  the  base,  part  of  the  humeral  and  sutural 
r^ons  and  a  portion  of  the  disk  of  the  left  elytron,  with  colors  well  preserved, 
the  wing-cover  being  blue-black  over  the  disk  and  bright  metallic  green  about 
the  humerus.  The  sculpture  is  remarkably  dearly  exhibited,  agreemg  even 
in  minute  detail  with  recent  specimens  of  D.  proxima  in  the  size,  shape,  arrange- 
ment and  distnctness  o'  tha  punctures,  the  lack  of  interstitial  rugosities  on 
the  inner  half  of  the  elytral  disk  and  the  presence  of  fine  transverse  wrinkles 
in  the  humeral  region.  Donacia  proxima  is  one  of  the  most  characteristically 
colored  and  sculptured  of  all  the  North  American  forms  and  is  pretty  easily 
recognized  by  those  features  alone.  There  is  no  reason  to  doubt  that  the  fossil 
is  specifically  the  same  as  the  modem  specimens  with  which  it  has  been 
compared. 

*^  Donacia  proxima  is  now  classified  as  a  race  or  variety  of  D.  cincUcomis 
Newm.  It  occurs  in  Canada  from  Vancouver  Island  to  Newfoundland  as  well 
as  in  California,  Or^on,  Idaho,  Iowa,  Wisconsin,  Indiana  Pennsylvania  New 
York,  New  Hampshire  and  Massachusetts,  on  the  leaves  of  water  plants.  No 
special  conclusions  as  to  climate  can  b^  drawn  from  its  presence  as  a  fossil. 

''In  this  coimection,  it  is  interesting  to  note  that  the  genus  is  well  repre- 
sented in  fossil  condition,  about  thirty  species  being  noticed  or  described  from 
Tertiary  and  Pleistocene  beds.  The  habits  of  the  insects  and  their  hard  integu- 
ments combine  to  render  their  preservation  more  than  usually  likely." 

I.  THE  PRESENT  GREAT  LAKES 

Following  the  Nipissing  stage  the  lake  waters  were  gradually  lowered  by 
the  cutting  down  of  the  St.  Clair  outlet    This  gradual  lowering  of  the  lake 
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waters  resulted  in  the  formation  of  the  broad  sand  terrace  and  dune  ridges 
north  of  Wauk^an,  near  Rogers  Park,  and  in  other  places.  During  the 
recession  of  the  lake  a  series  of  small  bars  and  beaches  were  built  up  east  of 
the  Englewood  barrier;  particularly  large  beaches  were  developed  in  the  neigh- 
borhood of  Wolf  Lake.  Minor  beachlets  to  the  number  of  a  himdred  or  more 
were  formed  along  the  south  shore  of  the  lake,  in  Indiana.  Between  these 
beachlets  may  now  be  found,  particularly  in  the  spring  of  the  year,  sloughs 
of  greater  or  less  extent. 

The  fauna  of  the  Englewood  stage,  as  the  waters  fell  sought  refuge  in  the 
small  sloughs,  in  the  small  lakes  (Calumet,  Wolf,  George,  Hyde)  and  in  the 
rivers.  Doubtless  other  species  have  migrated  northward  and  mixed  with  the 
fauna  of  the  last  postglacial  stage.  The  present  faima  is  rich  and  varied 
as  indicated  in  the  table  which  follows:^ 


a.  List  of  MoUusca  Now  Living  in  the  Waters  of  the  Ancient  Lake  Chicago  Basin 


Post- 
Glacial<« 

Recent 

Lake 
MicHigan 

Small 
lakes 

Riven 

Sloughs; 
swamps 

Puscamaja  undata 

X 
X 
X 

X- 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

"        fubiginosa 

X 

Cf€9iod0tUa  perumana 

"         unduloto 

Quadnda  pusttdosa 

"        lachrymosa 

Rohmdaria  tuberadata 

Pleurobema  cocdneum 

Plenrobema  coccineum  magnalacustris.. 

X 
X 

EUipiio  phbosus 

X 

X 
X 

"      gibbosus  deUcatus 

"      crasstdens 

X 

LasnUgona  compressa 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

"        costata 

X 

"         camplanata 

Anodonta  imhecUis 

"        grandis 

X 
X 

X 
X 

X 

"        grandis  fooHana 

X 

Anodontoides  ferussacianus 

"          ferussacianus  subcylin- 
"           draceus 

X 
X 
X 

AlasmidonSa  marginata 

/ 

"         cakeola 

X 

X 

**  Only  the  aquatic  fonns  are  listed. 

**  These  occur  in  the  strata  of  glacial  Lake  Chicago. 
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Post- 
Glacia]*« 

Recent 

Lake 
Michigan 

Small 
lakes 

Rivers 

Sloughs; 
swamps 

.^i^nSkthLK  tAftntuhis      

z 
z 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 
X 

"         iHivonius 

z 

z 

OhUouaria  teHexa 

X 

ff^hhstMuiiAS  UttuittfUifUl 

Antvpdalonaias  eletans 

X 

"            donacifoffnis 

Poi^ahtefA  trodlis 

ProMera  oltitG 

X 

Kurvttia  iHifVd 

"      dHtstforfnis 

X 
X 
X 
X 
X 

"     reda 

"     iris 

z 
z 

Lam^siiis  luUcla 

z 

"         ventricosG 

"        imiiiifadict<t 

z 
z 

S^haefiuM  strioHnutn 

X 
X 
X 
X 
X 
X 

X 

"         acununaiwn 

z 

"         sUiwineuM 

z 

X 

"         sUtnwuewM  wisconsinensis.. 

*'        sulcatum 

z 

X 

"         soUduluftt 

z 
z 

"        fabale 

"         Havum 

X 
X 

X 
X 
X 

"         occidenkde 

z 

r 

"         lerissitnutn 

"         rkofttboideufn 

z 

"         emarginatum 

Muscidiunt  Itoirtwmeiufn 

z 

X 
X 
X 
X 
X 

X 

"         iruncaium 

z 
z 

z 
z 

X 

"         securt 

z 

X 

"          ttansversum 

X 

Pisidiumf^  abdUutn 

z 

"        abyssorum 

z 

"       adoMsi  dMnc 

z 
z 
z 
z 

"       cftmpressum 

z 

z 

"       coMlfressuiH  confertuM... 

"       compressum  Uuvigatum. 

"       comptessum  rostrata 

z 

z 

"       cruciaiuM 

X 
X 
X 

"       fallax. 

z 

"       handwerki 

*  It  will  be  noted  that  there  are  a  number  of  Pisidia  from  the  fossil  deposits  which  have 
not  yet  been  found  in  the  recent  fauna. 
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Post- 
Glacial** 

Kecent 

Lake 
Michigan 

Small 
lakes 

Riven 

Slouch; 
swamps 

Pisidium  idakoense 

X 
X 
X 
X 

X 

"       HrJdandi 

X 
X 

"       medianuiM. 

"       mainense 

"        ne^ectuM  coffidenhim 

X 

**       noveboracense 

X 

X 

"       novthoracense  eUwUa 

X 

X 
X 

"       peraUa 

X 

X 

"       pdUum 

t 

X 
X 
X 

"       pdUtuM  decorum 

"       pauptfCidwn 

"       punckUum 

X 
X 
X 

"       pimcUU/um  simplex 

"       roperi 

"       softentL 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

**       scuidlatum 

X 

X 
X 

"       spiendidtdum 

"       suPefku 

"       temiisHmum. « 

X 
X 

X 

"       variabUe 

.X 
X 

X 
X 
X 

••                  •       •     • 

intpMcum 

"       aHOkeri 

Vivitofa  contectoides 

X 
X 
X 
X 
X 
X 

Campdoma  decisum^ 

X 
X 
X 
X 
X 
X 
X 

"         iniegrum 

X 
X 

"         itUegmm  obesum 

"         rufum, 

"         subsolidum 

X 

"         subsoUdum  exiUs 

Valvata  tricarinaia 

X 
X 
X 
X 

X 

X 

"       tricarinaUi  simplex. 

"       tricarinata  cotifusa, 

X 

"       tricarinata  umcarinata. %. 

"       bicarinata 

X 
X 
X 
X 
X 
X 

"       bicarinata  perdepressa, 

X 

' 

"       bicarinata  normalis 

X 

B^kinia  tentaculata. 

Amnicoia  limosa. 

X 

X 

.  X 

X 

X 

X 

"        limosa  parva 

"        limosa  porata 

X 
X 
X 

X 
X 

X 

X 
X 
X 

"       lustrica 

"        emarginata. 
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P08t- 

GlariAl« 

Recent 

Lake 
Michigan 

Small 
lakes 

Riven 

Sloughs; 
swamiM 

AiHtUcola  cittcinmUitnsis 

z 

z 

**        letsotd. 

z 

T 
Z 

Somatotyrus  subdobosus 

z 
z 

z 

"         integer 

Pahidestfi$M  ttickUtUonti. 

z 
z 
z 

PemaHopsis  lapidaria 

z 
z 

z 
z 
z 
z 

Pleufoceta  devatum 

Z 

z 

'*        de9(aum  lewisii 

'*        subtdare 

z 
z 

Gottiobasis  Kvescetu 

Z 
Z 
Z 
Z 

z 
z 

z 

"        depygis 

Pkvsa  warretdana 

z 
z 

z 

"     integira. 

z 
z 

"     wdken. 

'*     gyrina 

z 

"     heterostropka 

z 

z 

Apiexa  hypnofum 

z 

Ancylus  paraMus 

z 
z 

z 
z 

z 

"      fuscus 

"      Htidam 

"      tardus 

z 

Planerbis  antrosus 

z 
z 

• 

z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 

"       cawpanulatus 

"       tnmcatus 

"       trivoivis. 

z 

z 
z 
z 
z 

z 

"       parvus, 

z 

"       exacuous 

z 

"       defleckts, 

z 

Segmentina  armigera 

z 

LvtiMdea  statnaHs  aP^essc 

Pseudosuccinea  columella, 

"            celuHidlG  chat^bea 

Galba  caperata 

z 

z 
z 

z      -^ 

"     parwa. 

"     pofva  sterkU 

z 

"     kundUs  modicdla. 

z 
z 
z 
z 
z 
z 
z 
z 

z 
z 
z 
z 
z 

z 

"     obrussa 

z 
z 
z 
z 

z 

"     obrussa  exigua 

z 

"     cbrussa  decant^ 

"     Palustris 

"     dodes. 

z    - 

"     dodes  ioUetensis. 

"    reiexa 

z 

z 

z 
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Post- 
Glacial*« 

Recent 

Lake 
Michigan 

Small 
lakes 

Rivers 

Slough; 
swamps 

Gaibc  rt€txG  walkeri 

X 

X 
X 

X 
X 

"     exUis 

"     kirOandiana. 

"     catascopium 

X 

X 

X 
X 

X 

"     woodrufi 

This  rich  and  varied  fauna  of  115  species  and  24  varieties  reached  its 
present  location  by  way  of  the  Chicago  outlet  from  its  place  of  refuge  beyond 
the  border  of  the  Wisconsia  ice  sheet.  Of  the  139  species  and  races  included 
in  the  table,  98  have  been  observed  in  the  sediments  of  glacial  Lake  Chicago. 
15  species  (including  6  Pisidia)  are  known  from  the  postglacial  deposits,  but 
have  not  yet  been  found  living  in  the  waters  of  the  recent  lakes  and  rivers. 
No  land  mollusks  have  been  observed  in  the  postglacial  deposits,  altho  these 
animals  doubtless  lived  on  the  shores  of  the  lake  as  they  were  forest-covered. 
Loess  deposits  are  known  to  be  present  near  Palos  Park,**  but  no  mollusks 
have  been  observed. 

b.  Higher  Invertebrates  and  Vertebrates  of  PosUWisconsin  Deposits 

The  other  members  of  the  fauna  of  the  post-Wisconsin  deposits,  tho  small 
in  number  of  species,  are  of  special  interest.    These  are: 

Crustacea 
Cambarus  blandingi  acutus 

Insecta 
Danacia  proxima 

Vertebrata 
Pisces 
Amiacalva 
Lepomis  species 
Silurid  or  Cyprinoid 

Avcs 

Mergus  serrator 

Mammalia 

Fiber  ssibe^ncus 
Mammut  americanum 
Eiephas  columbi 

"      Primigenius 
OdocoiUus  virginianus 


**  Personal  communication  from  Dr.  W.  W.  Atwood. 
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c.    Tdtie  of  Species  InhabiUng  WUmette  Bay  During  Its  Successive  Changed 


Plants 

Ckara. 

PatamogeicH. , 

Nqjas , 

Hyfmntm. , 

Scirpus 

Carex. 

Piceamariana 

Picea  cattadensis  ('^evanstoni) 

Larix  laricina 

Ahies  halsa$iua 

Tkufa  occidenUUis 

Qutrcus  marcyana 

Quercussped.es 

Populus  balsamifera 

Nympkaea  advena 

TypkalaHfolia 

MoQusca 

Fusconaja  undaia 

Crenodonia  unduUUa 

"        penmana 

Quadnda  pmUdosa 

"        hckrymosa. 

Itoiundaria  tubercukUa 

Pleurobema  coccineum  magnalcustris. 
EUipHo  crassidens 

"      gibbosus 

Lasmigona  costata 

Obiiquana  rejUxa 

Amygdaionajas  elegans , 

Anodonta  grandis 

"        grandis  jootiana 

PropUra  alata 

Eurynia  ellipsiformis 

"      recta 

Lampsilis  luteola , 

ventricosa 


» 


X 
X 
X 
X 
X 
X 


X 
X 


X 
X 
X 


I 

o  *^  -. 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 

X 
X 

X 
X 


III 


X 
X 
X 
X 


X 
X 
X 


X 
X 


X 
X 


X 

X 


X 
X 


X 
X 


X 
X 


I 
III 


u 

4) 


Q 


> 


la 

St)  »• 


X 
X 


X 
X 
X 
X 
X 
X 


X 
X 


*^  This  study  includes  only  that  part  of  the  bay  south  of  Devon  Avenue.    The  northern 
part  does  not  include  all  of  the  stages. 
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ft 

» 
tt 
t$ 


Spkaerium  fianim 

"        sidcoktm. 

soiidukim 

stamineum 

sUumneum  wisconsinensis. 

ftrioHfium 

acuminatum 

rhamboidemn 

lepusimum 

Musctdium  sectm 

"         transversum 

Pisidiumaffine 

cotnpressum, 

compressum  laengatum 

idakoense 

tariabUe. 

kifkUmdi 

scuUMaiwm 

novdxfracense. 

mrpmcum 

waihift,^ 

pdUum 

pdUum  decorum 

spiendididum 

sargenH. 

Paupercidum. 

abdihm? 

Vahatatficofinata 

Somatogyrus  subglobosus 

Ammcoia  emarginata 

"        limosa 

"       limosa  porata 

"       lustrica 

"       letsoni 

Pleurocera  devaium. 

Gomcbasis  livescens 

Campdoma  integrum 

integrum  obesum 

subscUdum. 

Fhysa  warremana , 
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Physa  gyrma 

"     iiUegra, 

Ancyhu  fuscus^, 

"       fwraOdus 

SegmtnHna  armigera. 

PUmorbis  irivolvis 

campamUaius. 

anirosus.^ 

defiectus,^ 

exacuous 

parvus 

Galba  rejlexa 

"     pdhutns 

obmssa 

caperata 


n 


99 


ll 
I 


nc/3 


z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 


Lymnaea  slagnalis  appressa. 


I 


I 

3 


4>   <i 


M    4> 

Sfl§ 


z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 

X 


X 

z 
z 
z 


z 
z 


O  ei  S 


1 


z 
z 


z 
z 
z 


I 

la 


z 
z 
z 


z 
z 


z 
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Total  species  of  MoUusca 
Crustacea 

Ccmharus  hhndmgi  acutus 

Vertebrates 
Mergus  serraior 

Andacalva 

Ze^MMM  species. 

SHund  or  Cyprinoid 


36 


35 


58 


26 


17 


13 


X 
X 

z 


z 
z 


The  portion  of  Wilmette  Bay  from  which  the  above  data  was  obtained  lies 
north  of  Foster  Avenue  and  south  of  Devon  Avenue.  It  is  therefore  a  typical 
portion  of  the  bay,  the  sedimentary  strata  of  which  faithfully  portray  the 
history  of  this  body  of  water.  The  changes  in  the  biota  are  marked  and  sup- 
port the  statement  of  Chamberlin  that  there  should  be  a  succession  of  strata 
after  each  glacial  period  ranging  from  cold  to  warm  and  from  warm  to  cold. 
In  this  case  the  change  is  only  from  colder  to  warmer,  as  would  be  the  case  when 
but  the  first  part  of  a  postgladal  period  is  included.  Should  the  ice  again 
form  and  again  advance,  ponding  the  waters  of  the  lake,  there  would  be  a 
reversal  of  the  life,  ending  with  arctic  or  subarctic  types,  which  would  be 
covered  finally  by  the  succeeding  till  sheet.  At  Toronto  the  oncoming  of  the 
glacial  ice  is  reflected  in  the  biota  and  we  may  see  the  opposite  of  the  Chicago 
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condition — wann-cold  temperate-ice.  The  deposits  at  Chicago  and  Toronto, 
taken  together  form  an  ahnost  continuous  cycle  of  an  interglacial  interval. 

The  biota  listed  in  the  previous  tables  also  present  a  perfect  picture  of  the 
ecology  of  this  ancient  bay,  the  plant  and  animal  communities  reflecting  the 
varying  ph3rsical  conditions  as  the  water  became  shallower  or  deeper.  As  has 
been  stated  by  Shimek,  to  interpret  accurately  the  species  entombed  in  these 
clay  and  sand  beds,  and  to  reconstruct  the  environment  in  which  they  lived, 
the  student  must  have  an  extensive  and  varied  acquaintance  with  the  same 
animals  as  they  are  found  today. 

In  the  tables  the  change  of  types  from  the  shallow  water  Bowmanville 
stage  to  the  deeper  water  Calumet-Toleston  stages,  and  from  these  to  the 
sludlower  Hammond  and  Englewood  stages  is  very  marked,  irrespective  of 
climate.  The  first  stage  (36  spedes)  had  a  silty,  muddy  bottom,  supporting 
pond  types  of  naiades  and  cydads,  and  the  fresh  water  pulmonates  which 
usually  inhabit  such  stations.  A  few  gill-bearing  moUusks  were  also  present. 
The  second  stage  (35  species)  had  a  sandy  or  gravelly  bottom,  the  water  was 
deeper,  and  there  was  a  change  to  the  river  type  of  naiades,  the  deeper  water 
cyclads  (for  the  most  part)  and  a  few  gill-bearing  species.  The  fresh  water 
pulmonates  were  entirely  absent.  The  third  stage  (58  species)  shows  a  shallow- 
ing bay,  the  bottom  becoming  muddy.  There  was  a  total  absence  of  the  river 
type  of  naiades  and  a  return  of  the  fresh  water  pulmonates.  The  number  of 
cydads  present  is  noteworthy.  The  fourth  stage  (26  species)  shows  a  return  to 
deeper  water  with  a  sandy  or  silty  bottom,  inhabited  by  a  few  cyclads  and  gill- 
bewng  spedes,  with  fresh  water  pxilmonates.  There  was  a  total  absence  of 
naiades.  The  fifth  stage  was  probably  a  land  surface  with  a  few  creeks.  No 
life  has  been  observed  from  this  stage.  In  the  sixth  stage  (17  species)  the  bay 
had  become  still  shallower,  the  life  consisting  of  a  few  cyclads,  a  very  few  gill- 
bearers,  and  a  number  of  fresh  water  puhnonates.  The  bottom  was  covered 
with  mud  and  fine  silt.  The  seventh  and  last  stage  is  of  the  present  time  (13 
.  spedes)  the  water  has  receded  and  the  surface  has  become  dry  land  with  a 
few  small  ponds  and  swampy  streamlets.  Here  the  molluscan  fauna  consists 
of  pulmonates,  with  a  very  few  cyclads.  The  ecological  succession  shown  by 
these  seven  stages  is  approached  in  completeness  only  at  Toronto,  Canada, 
where  a  somewhat  similar  alternation  of  strata  occurs. 

The  vertebrates  of  the  Chicago  deposits,  while  not  numerous  in  species, 
are  of  great  interest,  and  include  fish  (3  spedes),  birds  (1  spedes),  and  mam- 
mals (5  species).  We  can  imagine  the  waters  teeming  with  fish  life,  the  pres- 
ence of  ducks  on  the  siuface  of  the  lake  and  bays,  and  the  deer,  mastodon  and 
mammoth  roaming  the  shores,  while  squirrels  chased  one  another  among  the 
tree  tops.  It  is  also  probable  that  the  caribou,  musk  ox,  snow  goose,  and  other 
tundra  animals  inhabited  the  region,  and  during  wanner  times  the  peccary 
may  have  lived  here,  as  its  remains  have  been  found  in  Ohio,  Michigan,  and 
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at  Rochester,  N.  Y.    Early  in  the  lake  histoiy  a  vigorous  forest  of  spruce  also 
gave  a  boreal  asi>ect  to  the  country. 


J.   COMtEIATION  OF  LOCAL 
Lake  Chicago  Basing* 

Glcnwood  stage,  640-635  feet. 

Outlet  at  Chicago. 

Fhictuation  of  Ice  front. 
Bowmanville  stage,  590  feet. 

Outlet  possibly  north  of  Green  Bay. 

(Possible  relation  to  Lake  Wayne.) 

Readvance  of  ice. 

(Possible  second  Glenwood  stage.) 
Calumet  stage,  620-615  feet. 

Outlet  at  Chicago. 

Ice  front  reaches  Straits  of  Mackinac 

and  Lake  Chicago  unites  with  Lake 

Huron.    A  portion  of  the  Toleston  stage 

probably  belongs  to  this  episode. 


AND  GREAT  LAKES  STAGES** 

Huron-Erie  Basin 

Highest  Maumee,  790  feet. 

Outlet  at  Fort  Wayne,  Ind. 
Lowest  Maumee,  760  feet 

Outlet  near  Imlay,  Mich.,  to  Chicago. 

Readvance  of  ice 
Middle  Maumee,  780  feet  (L.  Saginaw). 

Outlet  thru  Imlay  channel 

Huron^Erie-Oniario  Basin 
Lake  Arkona,  710-694  feet 

Outlet,  Grand  River  to  Chicago. 

Readvance  of  ice. 
Lake  Whittlesey,  735  feet 

Outlet,  Grand  River  to  Chicago. 
Lake  Wayne,  660  feet 

Outlet  past  Syracuse  to  Hudson  River. 

Readvance  of  ice. 
Lake  Wairen,  680  feet 

Outlet,  Grand  River  to  Clucago. 
Lake  Lundy  (Grassmere  640,  Elkton  620 

feet). 

Outlet  past  Syracuse  to  Hudson  River.| 


LAKE  ALGONQUIN 


Chicago  Basin 

Toleston  stage,  600-605  feet 

Union  of  lakes. 
Sag  low  water  stage,  590  feet 

Possibly  dry  land  (Taylor). 
Hammond  stage,  600  feet. 

Outlet  at  Chicago. 
Low  water  stage,  580  feet  (or  less) 

Probably  dry  land. 

Englewood  stage,  592  feet 
Goaing  of  Chicago  outlet 

Present  stage,  580  feet 
Diy  land  and  rivers. 


Huron-Ontario 


Pint  stage. 

Outlet  to  Lake  Erie. 
Kirkfield  stage. 

Outlet  thru  Trent  Valley. 
Port-Huron-Chicago  stage. 

Outlete  at  Chicago  and  St  Clair. 
Closing  stage. 

Outlet  into  Champlain  Sea,  via  OtUwa 

Vaflcy  (North  Bay). 
Nipxssing  Great  Lakes. 

Two  outlet  stage.   North  Bay  and 

Port  Huron. 
Great  Lakes. 

Outlet  at  Niagara  Falls. 


••  After  Leverett  and  Taylor. 

'*  The  relation  of  the  moraine  near  Milwaukee  (Whitehall)  and  that  near  Two  Rivers 
(Manistee)  to  the  rising  of  the  water  level  succeeding  the  Bowmanville  stage  is  not  definitely 
known  The  latter  does  not  carry  the  high  water  beaches  (60  and  40  feet)  while  the  former 
is  said  by  Goldthwait  to  show  traces  of  these  beaches  in  Sheboygan  County.  The  lake  possi- 
bly fell  from  the  Glenwood  to  the  Calumet  level  before  the  low  water  stage  and  the  lake  sub- 
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K.  ALTITUDE.  OF  OLD  LAKE  BEACHES 

Dr.  Goldthwait  has  measured  the  altitude  above  sea  level  of  the  three 
highest  beaches  at  several  widely  separated  localities/^  and  his  data  are  of 
interest  in  connection  with  the  previous  discussion. 


Evanston  and  NOes  Center,  HI 

Zion  aty,  Illinois 

State  Line,  Illinois  and  Wisconsin 

Line  between  Racine  and  Kenosha  counties 

Holland,  Michigan 

Spring  Lake  and  EastmanviUe,  Mich 

South  end  of  Lake  Michigan  basin 


Glenwood 


636 
643 
634 
637 
638 
633 
636 


Calumet 


Toleston 


619 
621 

605 

616 

621 

621 

613" 

619 

605 
602 
604 

L.   INTERGLACIALXIFE  OF  THE  CHICAGO  ASEA 

Well  records  from  different  parts  of  the  region  indicate  that  more  than  one 
ice  sheet  passed  over  the  Chicago  Area.  Other  pregladal  conditions  are  also 
indicated  in  several  places.  A  buried  vaUey  enters  the  lake  near  Lincoln 
Park,  and  can  be  followed  for  several  miles  back  from  the  lake,  in  a  north- 
westerly direction.  The  wells  drilled  along  this  valley  penetrate  rock  at  115 
to  125  feet  below  lake  level.''  Rock  is  found  at  varying  dqpths  showing  that 
the  region  had  suffered  marked  erosion  previous  to  the  gladal  period.  Some 
of  the  depths  at  which  rock  has  been  foimd,  and  the  location  of  the  wells,  is 
of  interest  and  illustrates  this  variation. 


Wilmette 

140 

Tuner  Park 

80 

BowmanvUle 

SO 

Washington  Heists 

71 

Jeff  erson  Park 

68 

Morgan  Park 

90,163 

Irving  Pkik 

79 

Riverdale 

45 

Norwood  Pkik 

90 

Dalton 

35-40 

Near  County  Infirmaiy 

71  to  101 

Harvey 

20-25 

OakPkric 

45, 65, 85. 

Glenwood 

30-J5 

NearCragin 

20 

2^  miles  north  of  Arlington 

Heights 

195 

sequently  rose  to  the  Calumet  level  after  the  low  water  stage.  It  is  also  possible  that  the 
low  water  stage  was  inter-Glenwood,  as  is  suggested  by  some  of  the  results  of  Alden's  studies 
near  Milwaukee. 

"  Joum.  of  GeoL,  XVI,  p.  464, 1908. 

"  Very  obscure,  probable  error  of  few  feet  (Goldthwait). 

"  Leverett,  Illinois  Glacial  Lobe,  pp.  583-590. 
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In  the  northwestern  part  of  Cook  County,  wells  penetrate  a  black  soil 
bdow  till  at  a  depth  exceeding  100  feet^  This  is  probably  post-Illinoian  or 
Sangamon  in  age.  Near  Elgin  a  lower  till  is  encountered  at  67  to  70  feet.  In 
other  places  near  Elgin  the  lower  till  occurs  at  165  feet.  Near  Arlington 
Heists  a  black  soil  was  observed  beneath  blue  till  at  a  depth  of  70-75  feet, 
imder  which  there  was  another  till  sheet. 

In  Township  41,  Range  10  east,  a  weU  section  shows  the  following  strata:^ 

YcUow  tilL 10-15  feet 

Blue  till 125    " 

Black  soil 4    " 

Sandy  tilL 50    " 

Giavd  with  water. 2    " 

A  section  of  the  JoUet  Mound,  near  the  city  of  Joliet,  presents  interestiog 
data. 

Suifiice  coating  of  sflty  day 1-4  feet 

Coane  giavd  and  cobble 10-12  •' 

Sandy  giavd  of  medium  coaisenett  oemented  in  places 25-^  " 

Fine  sand  or  loam 4  " 

Blue  pebbleless  day,  laminated,  calcareous 8-10  " 

Boulder  bed,  conteining  day  balls  and  a  sandy  clay  matrix^  ^tending  to  levd  of 
river  on  east  side  of  mound,  but  underiaid  at  sli^t  dq>th  by  limestone  at  west 

side. 5-20  " 

The  boulder  bed  is  believed  to  be  the  result  of  interg^adal  erosion  of  a  till 
sheet" 

niinoian  drift  is  known  to  underlie  Wisconsin  till  at  a  dqpth  of  160  feet  at 
Bairington,  Lake  County.^  Two  miles  east  of  Beecher,  WOl  County,  an  old 
soil  lies  beneath  50  feet  of  glacial  gravel^  East  of  Sununit,  Cook  Coimty, 
an  older  till  underlies  the  Wisconsin  till.^  No  specific  evidences  of  life  have 
yet  been  recorded  from  these  old  deposits. 

M.  SUlOiAKY 

The  detailed  studies  discussed  in  the  previous  pages  may  be  summarized 
as  foUows: 

1.  During  the  late  Wisconsin  ice  invasion  all  life  which  occupied  the  Great 
Lakes  region  and  the  northern  part  of  the  United  States,  as  well  as  nearly  all 
of  British  America,  was  destroyed  or  driven  southward.  As  the  ice  sheet 
retreated,  the  biota  followed  as  closely  as  climatic  conditions  would  permit. 

»  Op,  cU.,  p.  586. 

'*  Leverett,  op.  cU.,  p.  377. 

"  Op.  cit.,  p.  581. 

^Op.cit.,p.651. 

"  Op.  cit.,  p.  407. 
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The  sequence  of  these  postglacial  episodes  is  known  to  be  very  complicated, 
the  biota  varying  with  the  changes  of  conditions. 

2.  During  the  Glenwood  Stage  there  was  no  life  excepting,  perhaps,  wander- 
ing manmioths,  mastodons  or  other  mammals  which  may  have  strayed  north- 
ward. 

3.  Following  the  Glenwood  Stage  there  was  a  period  of  low  water  during 
which  the  level  of  the  lake  dropped  to  about  ten  feet  above  the  present  level, 
or  590  feet  above  sea  level.  At  this  time  an  abundant  and  varied  faima, 
consisting  principally  of  mollusks,  took  possession  of  the  shallow  bays. 
This  fauna  consisted  of  shallow  water  types,  such  as  are  now  found  in  small 
bays  connected  with  the  Great  Lakes.  A  rich  forest  of  spruce  and  tamarack, 
fir,  arbor  vitae,  poplar  and  oak  took  possession  of  the  dry  land,  and  shallow 
water  vegetation,  such  as  Chora  and  Potamogeion,  must  have  filled  the  water; 
Typha  and  probably  other  aquatic  plants,  lined  the  shores  of  the  embayments. 
This  biota  extended  as  far  north  as  Manitowoc  County,  Wisconsin.  The 
reasons  which  may  be  assigned  for  the  fall  of  the  water  are  the  rapid  melting 
of  the  ice  in  the  Michigan  basin,  the  possible  opening  of  a  temporary  outlet 
north  of  the  Green  Bay  Valley  or  the  shifting  of  the  outlet  in  the  Huron-Erie- 
Ontario  basin  to  the  Mohawk  Valley  past  Syracuse.  All  of  these  factors  may 
have  contributed. 

4.  Following  the  low  water  stage  the  lake  again  raised  its  level,  due  to  a 
readvance  of  the  ice,  or  to  the  return  of  the  use  of  the  Grand  River  outlet, 
and  formed  the  Calumet  Stage,  the  water  standing  from  35  to  40  feet  above 
the  present  lake  level,  or  615  to  620  feet  above  sea  level.  It  is  possible  that 
the  lake  may  have  returned  to  the  lower  Glenwood  level  and  then  suddenly 
dropped  to  the  Calumet  level.  At  this  time  an  off-shore  barrier  was  formed, 
extending  from  Wilmette  south  to  Bowmanville.  West  of  this  bar  Wilmette 
Bay  developed.  No  life  has  been  found  in  the  beaches  referable  to  this  period 
of  the  lake's  history,  but  it  is  quite  probable  that  between  the  Calumet  and 
Toleston  stages  the  forerunners  of  the  rich  Toleston  biota  took  possession  of 
the  waters.  The  naiad  fauna  observed  in  the  Sag-Calumet  channel  may  belong 
to  this  transition  period. 

5.  The  water  gradually  fell  (due  to  cutting  down  of  the  outlet)  to  about  20- 
25  feet  above  the  present  lake  level  (600-605  feet  above  sea  level)  forming  the 
Toleston  Stage.  The  Rose  Hill  bar  became  wide  and  peninsular-like  and  an 
off-shore  barrier  developed  (the  Graceland  bar)  and  extended  from  Bowman- 
ville south  to  Lincoln  Park.  Wilmette  Bay  was  now  ten  miles  long,  two  to 
three  miles  wide,  and  five  to  twenty  feet  deep.  A  rich  fauna  of  river  mussels 
(Naiades,  Unionidae)  took  possession  of  Wilmette  Bay  and  Lake  Chicago, 
forming  huge  beds  comparable  to  those  now  exsiting  in  the  larger  rivers  of  the 
Mississippi  Valley.  Two  species  of  naiads  and  one  gastropod  do  not  now  live 
in  the  Chicago  area;  one,  EUiptio  crassidens,  extended  its  range  as  far  north  as 
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Green  Bay,  Wisconsin,  but  is  not  now  found  within  a  distance  of  80  miles  from 
the  latter  locality  or  Chicago.  It  is  likewise  not  now  living  in  the  Great 
Lakes  drainage.  The  other  naiad,  Fleurobema  coccineum  magnalacustris, 
is  not  now  found  in  the  Mississippi  Valley  drainage.  The  same  may  be  said 
of  the  gastropod,  Amnkola  leisoni.  One  species  of  bird  (Mergus  serrator) 
lived  at  this  time,  as  did  also  the  mastodon,  mammoth,  and  a  species  of  deer. 
Shallow  water  types  of  moUusks  lived  in  the  shallow  water  near  the  shore. 

6.  The  lake  suffered  a  second  low  water  period  forming  the  Sag  Stage,  when 
the  lake  fell  to  about  10  feet  above  the  present  level.  The  life  of  this  stage  is 
the  richest  of  aU  the  episodes,  including  75  species  and  varieties  of  mollusks, 
3  species  of  fishes  and  two  or  more  species  of  mammals.  The  increase  in  the 
Pisidia  as  well  as  in  the  fresh  water  pulmonates  is  noteworthy,  as  is  also  the 
absence  of  the  heavy  naiades.  During  this  stage  the  outlet  was  by  way  of  the 
Trent  Valley  and  the  Chicago  outlet  was  used  only  in  a  slight  degree. 

7.  The  lake  rose  again  (due  to  differential  uplift)  to  the  600  foot  level, 
forming  the  Hammond  Stage  (Lake  Algonquin  outlet  shifted  to  Chicago). 
The  life  of  this  stage  consisted  of  species  of  mollusks  (39)  typical  of  quiet 
waters  of  large  size  and  moderate  depth,  such  as  bays  and  ponds.  In  place  of 
the  ponderous  naiads  there  were  a  number  of  species  of  the  smaller  bivalves 
(Sphaeriidae)  and  a  large  percentage  of  shallow  water  gastropods,  principally 
fresh  water  pulmonates,  which  became  widely  distributed.  A  few  species  of 
the  naiades  remained  in  the  more  open  parts  of  the  lake.  Cra3^sh  were  abun- 
dant in  the  shallower  parts  of  the  bays. 

8.  A  third  period  of  low  water  (or  possibly  a  land  surface)  followed  the 
Hammond  Stage,  after  which  the  water  rose  to  a  higher  level  forming  the 

9.  Englewood  Stage,  the  level  being  about  12  feet  above  the  present  lake. 
The  Wilmette  embayment  became  reduced  to  a  bay  about  seven  miles  long, 
from  one-half  to  one  and  a  half  miles  wide,  and  from  one  foot  to  twelve  feet  in 
depth.  The  molluscan  fauna  consisted  of  a  few  shallow  water  bivalves  and 
gastropods.  The  naiades  probably  retreated  to  the  beds  of  the  rivers  Chicago, 
Desplaines,  and  Calumet,  as  well  as  to  the  lakes  left  in  the  southeastern  portion 
of  the  lake  basin.  Bars  were  formed  which  finally  shut  in  the  Chicago  basin 
north  of  the  Sag  outlet,  causing  a  huge  marsh  to  develop. 

10.  When  the  water  fell  to  the  present  level  of  Lake  Michigan  the  aquatic 
life  retreated  to  the  rivers,  ponds,  lakes,  and  small  streams.  Wilmette  Bay 
became  a  marsh,  wet  during  the  spring  and  dry  during  the  fall.  The  region 
of  the  Sag  outlet  was  shut  off  by  bars  and  also  became  a  great  marsh. 

11.  The  niinoian  ice  sheet  passed  over  the  Chicago  r^on  and  upon  this 
till  an  old  soil  was  formed.  Rock  valleys  also  occur  indicating  preglacial 
erosion. 


CHAPTER  IV 
THE  POSTGLACIAL  BIOTA  OF  THE  GREAT  LAKES  REGION 

I.  General  Statement 

A  study  of  the  life  of  any  given  region  naturally  and  logically  leads  to  a 
consideration  of  the  life  of  other  regions  more  or  less  related  to  the  particular 
area  under  discussion.  In  the  present  instance  this  study  and  comparison  is 
quite  essential,  since  the  aquatic  rqx)pulation  of  the  glaciated  area  was  prob- 
ably largely  by  way  of  the  Chicago  outlet 

Records,  more  or  less  complete,  are  available  from  various  places  adjacent 
to  the  basin  of  the  Great  Lakes,  dearly  indicating  that  the  biota  followed  the 
retreat  of  the  ice  and  occupied  the  territory  as  fast  as  it  became  available  for 
the  different  types  of  life.  The  lake  sediments  and  beaches  in  Wisconsin, 
Illinois,  Michigan,  New  York,  and  various  parts  of  Canada  contain,  in  a  few 
localities,  an  abundance  of  biotic  remains.  No  studies,  comparable  with  those 
carried  on  in  the  Chicago  basin,  the  details  of  which  have  been  indicated  in  the 
preceding  pages,  have  been  made  in  any  of  these  deposits. 

n.  Outline  of  the  History  of  the  Extinct  Lakes 

Before  proceeding  to  discuss  the  various  deposits  in  which  evidences  of 
life  have  been  found,  it  will  be  necessary  to  consider  briefly  the  succession 
of  lakes  formed  at  the  margin  of  the  retreating  ice  sheet.^ 

A.  THE  WISCONSIN  ICE  SHEET  (Plate  XLVI) 

E^  The  last  glacial  invasion  extended  well  into  the  United  States,  completely 
covering  the  Great  Lakes  with  ice,  and  sending  two  large  lobes  into  the  territory 
west  of  the  Mississippi  River,  one  into  Iowa  and  one  into  South  Dakota. 
The  life  of  the  englaciated  region  was  driven  south  and  occupied  the  territory 
as  near  the  ice  margin  as  the  rigor  of  the  climate  would  permit.  The  aquatic 
life  found  refuge  in  the  Mississippi,  Rock,  Illinois,  Wabash,  Ohio,  and  Missouri 
rivers  and  their  tributaries,  from  which  territory  it  was  ready  to  advance  as 
soon  as  the  ice  sheet  began  to  retreat. 

B.   FORliATION  OF  GLACIAL  LAKES 

"As  the  ice  border  withdrew  to  the  north  of  the  divide  separating  the  St. 
Lawrence  basin  from  the  Mississippi  basin,  the  glacial  waters  were  ponded  be- 

>  This  discussion  is  compiled  from  the  papers  of  Leverett,  Taylor,  Goldthwait,  and 
Chamberlin.    The  early  and  late  Wisconsin  ice  sheets  are  considered  together. 
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tween  the  ice  on  the  north  and  the  divide  on  the  south.  To  find  escape  across 
the  divide,  the  waters  were  compelled  to  rise  to  the  heights  of  the  lowest  avail- 
able colls.  At  first,  nearly  every  considerable  depression  in  the  divide  to 
the  south  was  occupied  by  a  discharging  stream,  and  the  ponded  water  to 
the  north  formed  innimierable  small  lakes.  But  as  the  ice  retreated  farther 
into  the  basin,  the  sizes  of  the  lakes  tended  to  increase  as  their  basins  were  en- 
larged; but  at  the  same  time  the  ponded  waters  tended  to  imite  along  the  edge 
of  the  withdrawing  ice,  and  to  utilize  only  the  lower  passes  across  the  divide 
to  the  south.  This  tended  to  lower  the  lakes,  and  hence  to  reduce  them. 
There  thus  formed  a  complex  series  of  antithetical  changes  resulting  in  the 
making  and  unmaking  of  lakes.  This  continued  until  the  obstructing  ice 
withdrew  from  the  axis  of  the  St.  Lawrence  basin.  The  last  of  the  shifting 
series  of  ice-ponded  lakes  of  this  basin  then  disappeared,  leaving  the  present 
rock-bound  lakes  as  their  successors.  '^ 

C.  LAKE  MICHIGAN  BASIN;  LAKE  CHICAGO 

One  of  the  first  lakes  to  take  definite  foim  is  known  as  Lake  Dowagiac, 
which  extended  northeasterly  and  southwesterly  across  southwestern  Michi* 
gan,  and  drained  into  the  lUinois  River  via  the  Kankakee  River  (Plate  XL VII, 
figure  1).  It  is  not  definitely  known  whether  any  life  migrated  into  this  region 
from  the  Illinois  River  via  the  Kankakee  River.  Manyof  thesmall  lakeswhich 
now  occupy  the  tenitoiy  once  covered  by  glacial  Lake  Dowagiac  contain  marl 
deposits  beneath  two  or  three  feet  of  peat  and  swamp  deposits.  These  de- 
posits contain  life  which  could  have  inhabited  a  cold  temperate  region  (see  be- 
low under  Michigan-Magidan  Lake). 

As  the  Michigan  lobe  retreated  into  the  Michigan  basin,  a  small  lake  formed 
behind  the  Valparaiso  moraine,  extending  an  arm  northeasterly  into  Michigan, 
into  which  the  Paw  Paw  and  St  Joseph  rivers  emptied.  This  lake,  known  as 
Lake  Chicago,  drained  southward  into  the  Illinois  River  via  the  Desplaines 
River  (Plate  XLVn,  figure  2).  As  the  Michigan  lobe  melted  back.  Lake 
Chicago  extended  in  area  toward  the  north  until  it  filled  the  entire  lake  basin 
(see  Plate  LI).  These  different  lake  stages  are  discussed  in  the  previous  chap- 
ter. 

D.  LAKE  SUPERIOR  BASIN;  LAKE  DULUTH 

As  the  Superior  lobe  melted  and  withdrew  into  the  Superior  basin  a  small 
lake,  known  as  Lake  Upham,  formed  on  the  north  side.  This  soon  enlarged 
and  formed  Lake  Duluth,  which  drained  into  the  Mississippi  River  via  the  St. 
Croix  River  (Plate  LI).  Several  small  lakes,  more  or  less  transitory,  developed 
before  the  formation  of  Lake  Duluth.  The  ice  finally  retreated  from  the  Super- 
ior basin  and  Lake  Duluth  coalesced  with  Lake  Algonquin. 

s  Chamberlin  and  Salisbiuy,  Geology,  HE,  p.  395. 
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£.    GREEN  BAY  BASIN 

The  history  of  this  region  is  not  yet  fully  worked  out  but  is  believed  to  be 
as  follows:  ''there  was  first  a  lake  that  discharged  from  the  district  south  of 
Lake  Winnebago  southward  past  Horicon  into  Rock  River.  This  lake  per- 
sisted until  the  ice  which  formed  the  moraine  at  the  head  of  Lake  Winnebago 
had  receded  far  enough  northward  to  open  a  passage  westward  from  Oshkosh 
to  the  head  water  part  of  Fox  River.  Then  the  discharge  was  shifted  past 
Portage  to  the  Wisconsin  Valley.  Later,  when  the  melting  of  the  ice  cleared 
the  Green  Bay  peninsula  the  waters  lowered  to  the  Lake  Winnebago  level  and 
to  a  lake  in  the  Green  Bay  basin  by  discharging  eastward  into  Lake  Chicago. "' 
(Plates  XLVIII,  XLIX.) 

F.  HURON-£]UE  BASIN 

This  basin  lies  south  of  Saginaw  Bay  and  is  continuous  with  the  Erie  basin 
across  the  Canadian  peninsula.  Converging  ice  currents  became  confluent 
in  this  basin  and  formed  the  Huron-Erie  ice  lobe.  This  basin  has  had  a  very 
complicated  history,  changing  in  outline  as  different  outlets  were  uncovered, 
one  after  another,  as  the  ice  receded.^ 

Lake  Maumee 

The  Erie  lobe  formed  several  small  lakes  on  its  margin  which  finally  united 
to  form  Lake  Maumee,  at  the  southwest  end  of  the  basin,  which  found  an  out- 
let past  Fort  Wayne,  Indiana,  to  the  Wabash  River;  this  is  known  as  the  Fort 
Wa3me  outlet  (Plate  XLVIII).  Lake  Maumee  continued  during  three  stages, 
during  which  the  level  of  the  water  fell  30  feet  and  the  outlet  changed  several 
times.  The  Fort  Wayne  outlet  formed  the  first  stage  (altitude  790  feet  above 
tide).  As  the  ice  melted  back,  the  lake  expanded  over  the  low  country,  east 
and  north,  finding  an  outlet  at  Imlay,  Michigan,  into  the  Grand  River,  and 
thence  into  Lake  Chicago.  This  is  known  as  the  second  stage  and  is  10  feet 
lower  than  the  first  stage  (780  feet).  Further  recession  of  the  ice  border 
uncovered  lower  outlets,  one  near  Ubly  and  one  farther  north,  and  the  Imlay  out- 
et  was  abandoned,  as  was  also  the  outlet  by  way  of  Fort  Wayne  into  the  Wa- 
bash River.    This  formed  the  third  stage,  the  level  of  the  lake  being  760  feet. 

G.  HURON-ERIE-ONTARIO  BASIN 

1.  Lake  Afkana 

For  some  reason,  not  yet  well  understood,  the  lake  waters  were  drawn  down 
to  a  much  lower  level  (altitude  710-694  feet).  This  lake  filled  much  of  the 
Saginaw  basin,  and  is  also  believed  to  have  extended  as  far  east  as  Alden,  New 

*  Tajdor,  An.  Rep.  Smith.  Inst.,  1912,  p.  314. 

*  Lcverett,  12th  An.  Rep.  Mich.  Acad.  Sci.,  page  30;  Taylor,  op.  cU. 
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York.    A  simOar  lowering  of  the  lake  level  is  believed  to  have  occurred  in 
the  Michigan  basin. 

2.  Lakes  Whittlesey  and  Saginaw 

A  readvance  of  the  ice  raised  the  water  to  the  Ubly  outlet  fonning  Lake 
Whittlesey  (altitude  735  feet).  A  small  lake  at  the  margin  of  the  Saginaw  lobe 
has  been  called  Lake  Saginaw  (Plate  XLIX).  The  discharge  was  by  way  of 
the  Grand  River  into  Lake  Chicago  and  thence  to  the  Mississippi  River  by  way 
of  the  Chicago  outlet 

3.  lAike  Wayne 

From  the  Whittlesey  beach  the  lake  dropped  80  or  85  feet  to  a  lower  beach 
known  as  the  Wayne  beach  (altitude  660  feet).  "The  drop  in  the  lake  level 
was,  of  course,  due  to  a  movement  of  retreat  on  the  part  of  the  ice  front.  The 
Wayne  beach  lies  at  a  level  in  the  Saginaw  Valley  barely  below  the  head  of  the 
channel,  which  had  served  as  the  outlet  of  Lake  Saginaw.  At  the  same  time  it 
is  quite  certain  that  no  outlet  was  open  toward  the  northwest  through  the  straits 
of  Mackinac.  The  outlet  at  the  time  of  this  beach  seems  to  have  been  in  the 
east  along  the  ice  margin,  where  it  rested  against  the  hills  south  of  Syracuse.  **^ 

4.  Lake  Warren 

Continued  shifting  of  the  ice  border  caused  the  waters  of  Lake  Saginaw 
and  Lake  Wayne  to  become  confluent  and  a  large  lake  developed  known  as 
Lake  Warren  (Forest  beach,  altitude  680  feet),  which  discharged  into  Lake 
Chicago  via  the  Grand  River.  To  the  eastward,  it  extended  as  far  as  the 
Finger  Lake  region  of  northern  New  York  (Plate  L).  As  the  ice  melted  back 
into  the  Ontario  basin  passages  were  opened  for  the  eastward  discharge  of  the 
waters  of  Lake  Warren  past  Syracuse,  New  York,  to  the  Mohawk  Valley  and 
thence  into  the  Atlantic  Ocean  by  way  of  the  Hudson  River. 

5.  Lake  Lundy  {Lakes  Dana  and  Elkton) 

A  later  stage  of  the  Warren  water  is  called  Lake  Lundy,  during  which  time 
two  lake  beaches  (Grassmere,  640  feet;  Elkton,  620  feet)  were  formed;  the 
discharge  was  eastward  past  Syracuse.  Taylor  remarks  that  "these  beaches 
mark  a  transition  stage  of  the  lake  waters — the  transition  to  Lake  Algonquin, 
the  largest  of  the  glacial  lakes  in  the  Great  Lakes  region"  (Plate  LI). 

It  will  be  noted  that  there  are  recorded  six  distinct  stages  of  the  waters  of 
the  Huron-Erie-Ontario  basins;  four  stages  with  outlets  via  Chicago,  and  two 
stages  with  probable  outlets  eastward  via  the  Mohawk  Valley.    This,  of  course, 

*  Tvyiofi  An«  Rep.  Smith.  Inst.,  1912,  p.  306. 
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represents  the  advances  and  retreats  of  the  ice  sheet.    This  condition  may  be 
expressed  as  follows: 

Lakes  of  Huzon-Erie-Ontario  Basin 

1.  LakeMaumee.    First  stage,  Fort  Wayne-Wabash  outlet. 

Second  stage,  Imlay-Chicago-Grand  outlet. 
Third  stage,  Ubly-Chicago-Grand  outlet 

2.  Lake  Arkona.    Chicago-Grand  outlet. 

3.  Lake  Whittlesey.    Chicago-Grand  outlet. 

4.  Lake  Wayne.    Syracuse-Mohawk  outlet. 

5.  Lake  Warren.    Chicago-Grand  outlet. 

6.  Lake  Lundy.    Syracuse-Mohawk  outlet. 

6.  Lake  Erie 

The  ice  eventually  shrank  within  the  Ontario  basin  and  the  discharge  was 
shifted  to  a  low  coll  at  Rome,  New  York.  This  lowered  the  waters  about  ISO 
feet  below  the  crest  of  Niagara  Falls  and  the  cataract  came  into  action.  The 
waters  of  the  Erie  basin  were  drawn  down  to  the  level  of  the  Niagara  River 
outlet.  The  first  Lake  Erie  beach  lies  within  the  present  Lake  Erie  and  it  is 
believed  that  this  lake  began  as  a  small  body  of  water  in  the  eastern  end  and 
gradually  filled  the  basin  to  the  west.  Submerged  lower  courses  of  streams 
in  the  west  end  of  the  basin  present  conclusive  evidence  of  this  ancient  con- 
dition. During  its  postglacial  existence,  Lake  Erie  has  had  two  periods  of 
low  water,  one  at  the  time  of  the  Kirkfidd  (Trent  River)  outlet,  and  the  second 
at  the  time  of  the  North  Bay  (Ottawa  River)  outlet  Both  lower  beaches 
are  now  submerged. 

H.  ONTASIO  BASIN  (lAKE  ISOQUOIS) 

''When  the  Lake  Ontario  ice  lobe  had  retreated  far  enough  to  uncover  the 
southern  parts  of  the  valleys  of  the  Finger  Lakes  in  central  New  York,  small 
lakes  gathered  in  them,  at  first  as  separate  bodies.  With  continued  recession 
these  lakes  were  lowered  and  combined  in  a  complex  series  of  changes  leading 
finally  to  the  later,  large  lakes  that  filled  the  whole  basin  of  Lake  Ontario. 
The  first  local  glacial  lakes  had  independent  outlets  toward  the  south'' 
(Taylor). 

The  dozen  or  more  small  lakes  in  the  Finger  Lake  valleys  finally  merged 
into  one  lake,  Lake  Newbeny,  with  an  outlet  southward  from  Seneca  Lake  to 
the  Susquehanna  River.*  Later,  Lake  Hall  followed  with  an  outlet  westward 
to  the  Lake  Erie  basin.  Lake  Van  Uxum  followed,  with  an  outlet  eastward 
to  the  Mohawk  Valley.  Next  came  Lake  Dawson,  when  the  waters  fell  below 
the  level  of  Lake  Erie,  and  the  outlet  was  eastward  past  Syracuse.  Finally, 
Lake  Iioquois  was  formed,  when  the  waters  of  the  Ontario  basin  fell  to  the 
level  of  the  pass  at  Rome,  N.  Y.,  and  discharged  eastward  thru  the  Mohawk 
Valley  into  the  Hudson  River  and  thence  to  the  Atlantic  Ocean  (Plate  LH). 

•  See  Fairchild,  Bull  N.  Y.  State  Museum,  No.  127. 
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When  the  ice  withdrew  from  the  Adirondacks  the  lake  waters  were  lowered 
and  an  outlet  was  found  lower  than  the  Mohawk  Valley.  The  first  lower  out- 
let was  into  glacial  Lake  Champlain  and  thru  the  Hudson  River.  Further  re- 
treat of  the  ice  uncovered  the  Atlantic  coast  and  the  basin  became  filled,  more 
or  less  completely,  with  sea  water  (Plate  LII)  during  a  period  when  the  ice  had 
opened  a  passage  to  the  eastward.  Subsequent  difiEerential  uplift  brot  Lake 
Ontario  to  its  present  level  and  gave  it  an  outlet  thru  the  St.  Lawrence  River. 

I.  LAKE  ALGONQUIN 

The  early  history  of  the  post  gladal  lakes  has  up  to  this  time  required  a 
separate  discussion  for  each  lake  basin.  At  this  time,  however,  the  waters 
of  the  basins  of  Lakes  Superior,  Michigan,  and  Huron  united,  forming  a  lake 
considerably  larger  than  the  present  Great  Lakes,  and  known  as  Lake  Algon- 
quin (Plate  LH).  Lake  Algonquin  may  be  divided  into  four  stages  which  are 
summarized  as  follows: 

1.  Early  Lake  Algonquin.'^  At  the  beginning  the  lake  probably  had  a  brief 
stage  when  it  was  confined  entirely  to  the  southern  half  of  the  Huron  basin 
(Plate  LII).  This  was  of  short  duration,  a  ^ght  additional  retreat  of  the  ice 
uncovering  outlets  to  the  northwest  to  Lake  Chicago  and  to  the  east  to  Georgian 
Bay  and  the  Trent  Valley.  The  St.  Qairand  Detroit  rivers  were  also  used  by 
the  waters  to  find  an  outlet  thru  the  Niagara  River  to  Lake  Iroquois. 

2.  Kirkfidd  Stage.  As  soon  as  the  ice  melted  back  far  enough  to  uncover 
the  Trent  Valley,  the  level  of  the  waters  fell,  the  outlets  at  Port  Huron  and 
Chicago  were  abandoned,  and  the  full  discharge  of  the  waters  was  thru  the 
Trent  Valley  at  Kirkfidd.  It  is  believed  that  Lake  Iroquois  had  already  been 
established  when  the  Elirkfield  outlet  was  opened. 

3.  Part  HurofirChicago  Stage.  When  the  ice  sheet  had  almost  entirely 
disappeared  from  the  lake  basins,  a  movement  of  differential  elevation  began 
which  raised  the  land  at  Kirkfield  and  the  outlet  was  again  shifted  to  Port 
Huron  and  Chicago.  At  first  the  Chicago  outlet  carried  the  greater  part  of  the 
water,  but  as  this  outlet  rested  on  a  sill  of  rock  while  the  Port  Huron  sill  was  of 
till,  the  latter  was  soon  cut  down  and  carried  almost  all  of  the  overflow. 

During  this  third  stage  the  remarkable  uplift  of  the  Great  Lakes  region 
occurred.  This  uplift  caused  a  northward  splitting  and  divergence  of  the 
beaches  below  the  highest  Algonquin  beach,  the  difference  in  elevation  between 
the  beach  at  Port  Huron  and  the  high  beach  at  Lake  Gondreau,  Canada  being 
900  feet  The  beaches  fall  into  three  groups,  (1),  the  upper  main  Algonquin 
group,  (2)  the  Battlefield  group,  and,  (3)  the  Fort  Brady  group.  It  is  be- 
lieved that  these  deformations  were  not  slow  and  evenly  distributed  but  were 
spasmodic,  and  relatively  sudden  and  rapid  (Taylor). 

•        '  Taylor,  op.  cU.,  pp.  316-320. 
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4.  Closing  Transition  Stage.  At  its  end  Lake  Algonquin  appears  to  have 
been  held  up  by  a  small  glacial  barrier,  at  some  point  in  the  Ottawa  Valley  east 
of  Mattawa.  When  this  last  dam  was  removed  the  waters  rushed  eastward 
thru  the  Ottawa,  Petawawa,  and  Madawaska  valleys  to  the  Champlain  Sea  and 
came  to  a  settled  level  in  the  upper  lake  basin  only  when  the  eastward  flowing 
outlet  had  been  established  on  the  coll  at  North  Bay  (Taylor).  The  discharge 
from  Port  Huron  was  abandoned  at  this  time  (Plate  LIII). 

J.  NIPISSING  GREAT  LAKES  (Plate  LIII) 

At  this  time  the  ice  sheet  had  disappeared  from  the  Great  Lakes  r^on 
and  did  not  act  as  a  barrier.  The  entire  discharge  was  into  the  Champlain 
Sea  via  the  North  Bay  outlet.  These  lakes  differed  but  little  in  outline  from 
those  of  today.  Differential  uplift  in  the  North  Bay  region  soon  caused  the 
abandonment  of  the  North  Bay  outlet  which  was  shifted  to  Port  Huron  and 
Chicago,  the  waters  backing  up  at  these  localities.  For  a  time  both  the  North 
Bay  outlet  and  the  Port  Huron  outlet  were  active  and  a  transition  or  two  outlet 
stage  ensued.  Later,  the  Chicago  outlet  took  the  place  of  the  North  Bay  outlet 
but  this  was  abandoned  when  the  Port  Huron  waters  had  cut  down  the  outlet, 
and  the  present  Great  Lakes  resulted,  the  Chicago  outlet  being  left  as  a  marsh. 
The  Nipissing  beach  is  one  of  the  strongest  of  the  old  lake  beaches  and  has 
been  traced  entirely  around  the  Great  Lakes.  Before  reaching  its  present 
level,  the  Great  Lakes  constructed  other  beaches,  one,  known  as  the  Algoma 
(seen  at  Algoma  Mills,  Ontario)  is  35  feet  below  the  Nipissing  beach  and  50  feet 
above  Lake  Huron.    Other  minor  transition  beaches  are  known. 

K.  THE  CHAMPLAIN  SUBSTAGE  (PlatCS  LII,  LIH) 

During  the  latter  part  of  the  Port  Huron  stage  of  Lake  Algonquin,  the  land 
was  notably  depressed  in  the  eastern  part  of  the  territory  and  became  partly 
submerged  by  an  arm  of  the  sea  which  filled  part  of  the  Lake  Ontario  basin, 
extending  up  the  Ottawa  Valley  past  the  city  of  Ottawa  and  also  occupying 
the  Lake  Champlain  basin,  and  extending  down  the  Hudson  River  Valley  to 
the  sea  at  New  York.  The  old  shore  lines  now  stand  at  elevations  of  from  400 
to  625  feet  above  the  present  sea  level.  The  New  England  states  and  a  portion 
of  Canada  formed  an  island  surrounded  by  salt  water.  At  this  time  the  east- 
em  outlet  was  lower  than  either  the  Chicago  or  St.  Clair  outlets  and  the  lake 
was  somewhat  smaller  than  at  present  in  both  the  Michigan  and  Huron  basins. 
This  condition  did  not  last  for  a  great  length  of  time  and  subsequent  uplift 
caused  the  sea  to  recede  and  the  outlet  to  be  transferred  again  to  the  St.  Clair 
River  and  the  five  Great  Lakes  assumed  their  present  form,  with  the  outlet 
thru  the  St.  Clair  and  St.  Lawrence  rivers. 
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L.    GLACIAL  LAKE  AGASSIZ  (Plate  XXXI) 

''A  very  importaat  lake  was  also  foitned  in  the  Red  River  Valley  of  the 
North,  discharging  in  its  early  history  into  the  Minnesota  River  at  Lake  Tra* 
verse.  As  Lake  Agassiz  was  not  connected  with  the  complex  system  of  basins 
of  the  St.  Lawrence  Valley,  it  had  a  comparatively  simple  history.  It  grew 
to  the  northward  with  the  retreat  of  the  ice  which  held  it  in  at  that  end,  and 
continued  to  discharge  into  the  Minnesota  River  at  Lake  Traverse,  cutting 
down  its  outlet  and  forming  a  series  of  breaches  about  its  borders,  until 
the  retreat  of  the  ice  enabled  it  to  find  a  northerly  outlet  in  some  position  yet 
unknown.  While  discharging  by  this  northerly  outlet,  it  made  another  set  of 
beaches.  On  the  further  withdrawal  of  the  ice,  its  waters  were  discharged, 
and  the  lake  became  extinct.  Lakes  Winnipeg  and  Winnipegosis  may  be  re- 
garded as  its  diminutive  successors  in  a  sense,  but  they  are  rockbound  lakes, 
while  Lake  Agassiz  was  ice-bound  on  its  northerly  border."'  Lake  Agassiz 
is  believed  to  be  contemporaneous  with  Lake  Algonquin  (vide  Leverett). 

Many  lakes  of  greater  or  less  size  were  formed  at  the  borders  of  the  Minne- 
sota and  Dakota  lobes  of  the  ice  sheet  Lake  Dakota,  formed  as  the  Dakota 
lobe  receded  in  South  Dakota,  is  of  interest  in  this  connection,  but  no  detailed 
studies  have  been  made  of  its  old  shore  lines  or  life,  if,  indeed,  there  was 
any  life  in  its  icy  waters. 

in.  PosTGiACiAL  Sedimentary  Deposits  Containing  Remains  of  Life 

Sedimentary  dqx>sits  containing  the  remains  of  life  have  been  observed 
in  many  places.  Some  of  these  are  referable  to  precise  lake  stages,  but  many 
are  in  equivocable  deposits  and  cannot  be  so  classified.  The  data  at  hand, 
old  as  well  as  new,  are  discussed  by  states,  first  considering  those  adjacent  to 
the  Great  Lakes  and  finally  those  from  more  remote  regions;  all  are,  however, 
in  territory  once  covered  by  the  Wisconsin  ice  sheet.  The  modem  nomencla- 
ture is  used  for  the  lists  of  species. 

A.    GREAT  lakes  REGION 
I.   WISCONSIN 

References  to  postglacial*  lacustrine  deposits  from  this  state  are  api>arently 
rare,  none  being  observed  that  record  remains  of  life  except  those  of  Baker*, 
Wagner,**^  and  Goldthwait." 

•  Chambcrlin  and  Salisbury,  Geology,  III,  p.  402.    See  also  Upham,  The  Glacial  Lake 
Agassi2. 

•  Joum.  CiD.  Soc.  Nat,  Hist,  XIX,  p.  175;  Nautilus,  XXVII,  p.  68. 
"  Nautilus,  XVm,  pp.  97-100. 

'^  Abandoned  Shore  Lines,  p.  61 ;  Alden,  Science,  XXIX,  p.  557. 
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1.  Bawmanville  Law  Water  Saige 

The  buried  forest  at  Two  Creeks,  described  by  Goldthwait"  is  possibly 
referable  to  this  stage,  the  overlying  red  till  being  laid  down  by  a  moraine  of 
the  Lake  Michigan  lobe  during  one  of  its  advances.  It  has  been  suggested 
by  Alden^^  that  it  might  be  inteiglacial  and  referable  to  the  Peorian  interval, 
but  it  seems  to  be  related  rather  to  the  last  Wisconsin  episode  and  to  be  coeval 
with  the  deposits  which  overlie  the  boulder  clay  at  Chicago.  Goldthwait  thus 
describes  this  ancient  forest  bed: 

''Laminated  red  clays  formed  the  base  of  the  section,  up  to  two  or  three 
feet  above  the  water.  Above  this,  and  separating  it  from  a  twelve-foot  sheet 
of  stony  red  till  was  a  conspicuous  bed  of  peat,  sticks,  logs,  and  large  tree- 
trunks,  which  unmistakably  represent  a  glaciated  forest.  The  till  immediately 
above  the  forest  bed,  besides  containing  characteristic  subangular  striated 
stones  and  red  day  ismilar  to  the  clay  in  the  stratified  beds  below,  all  absolutely 
imassorted,  was  plentifully  mixed  with  broken  branches  and  twigs.  In  the 
underl3dng  forest  bed  the  stumps  were  well  preserved,  the  wood  being  soft 
and  spongy  like  rotten  rubber,  but  retaining  all  the  appearance  of  its  original 
structure.  Several  logs  and  stumps  lay  pointing  significantly  towards  the 
southwest,  the  direction  in  which  the  ice  sheet  probably  moved  at  this  place. 
One  little  stump,  however,  with  its  ramifying  roots  firmly  fixed  in  the  laminated 
red  clays,  stood  erect  as  when  it  grew  there,  but  it  had  been  broken  short  ofiF  at 
the  top,  where  the  ice  sheet,  dragging  its  ground  moraine  along  had  snapped 
off  the  top  without  uprooting  the  tree. " 

The  age  of  the  deposit  is  thus  commented  upon  by  Goldthwait:  ''The  Two 
Creeks  forest  may  then  record  an  interval  between  early  and  late  Wisconsin 
time;  or  it  may  mark  an  interval  between  the  Calumet  stage  and  the  readvance 
of  the  ice  sheet  to  the  Manistee  morUne. "  The  writer  believes  the  deposit 
to  be  referable  to  the  low  water  interval  following  the  Glenwood  stage  of  Lake 
Chicago,  and  that  the  deposit  underlies  both  the  Whiteall  and  Manistee 
advances  of  the  Lake  Michigan  glacier.  Lawson"  records  many  instances  of 
the  presence  of  old  forest  beds  at  various  depths  beneath  the  surface.  Some  of 
these  are  doubtless  to  be  classed  with  the  deposits  at  Two  Creeks,  but  the 
majority  appear  to  be  referable  to  the  Sangamon  or  Peorian  interglacial  inter- 
vals.   These  are  referred  to  in  a  subsequent  chapter. 

Several  years  ago  Wagner^^  recorded  the  finding  of  a  specimen,  of  Unia 
(EUiptia)  crassidens  at  Green  Bay.  The  specimen,  a  left  valve  with  the 
posterior  portion  somewhat  broken,  was  found  in  the  city  of  Green  Bay  during 
excavation  for  the  city  reservoir.  The  deposit  was  about  15  feet  below  the 
surface,  and  was  thot  by  Wagner  to  be  till,  but  was  more  likely  silt.  The 
deposit  may  be  the  same  as  the  one  containing  the  forest  remains  and  referable 

"  Bull.  Wis.  Nat.  Hist.  Soc.,  11,  p.  170,  ct  seq. 
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to  the  Bowmanville  stage  or  it  may  be  later  date,  possibly  early  Toleston. 
Tbe  presence  of  this  mollusk  so  far  north  of  its  present  range  is  of  great  in- 
terest, especially  in  collection  with  the  Chicago  record,  showing  a  decided 
northward  dispersal  during  postglacial  times.  It  is  probable  that  this  spe- 
cies will  eventually  be  found  in  other  deposits  north  of  its  present  range.  A 
survey  of  the  Green  Bay  deposits  to  ascertain  the  area  in  which  this  species 
is  preserved  and  also  to  discover  what  species  were  associated  with  it  would 
be  of  great  interest  and  value.  This  fauna  probably  migrated  up  the 
Wisconsin  or  Fox  rivers. 

2.  Toleston  or  Hammond  Stage 

Some  years  ago  Mr.  A.  W.  Slocum,  of  the  University  of  Chicago,  collected 
a  number  of  mollusks  from  postglacial  deposits  in  the  city  of  Milwaukee  and 
its  environs.  These  deposits  are  thus  described  by  Mr.  Slocum:  "The  Bay 
View  locality  is  on  the  bank  of  Lake  Michigan  about  a  mile  south  of  the  steel 
works.  It  consists  of  a  marl  bed  about  seven  feet  in  thickness  which  has  been 
uncovered  by  the  action  of  the  waves.  The  30th  Street  locality  is  in  the  city 
of  Milwaukee  near  the  intersection  of  30th  Street  and  Garfield  Blvd.  This  is 
a  small,  saucer  shaped  depression  occupying  not  more  than  one  or  two  acres. 
The  greatest  thickness  is  about  13  to  15  feet  and  pinches  out  in  all  direc- 
tions, roughly  circular.  Underneath  the  filling  is  a  layer  of  peat  about  2  feet 
in  thickness  and  below  this  is  a  blue  clay  extending  down  to  the  till  beneath. 
At  the  bottom  of  this  blue  clay  the  bones  of  an  elephant  were  found.  This 
section  was  opened  up  by  a  sewer  being  run  through  30th  Street, 

"The  shells  were  found  at  about  the  junction  of  the  peat  and  clay.  The 
fauna  at  the  two  localities  was  very  similar,  tho  the  relative  abundance  of 
the  species  varied  materially.  Galba  palustris  and  Valvata  sincera  were 
much  more  abundant  at  the  30th  Street  locality  than  at  Bay  View.  Planor- 
bis  campanulatus  and  Pkysa  ancUlaria  were  among  the  most  abundant  shells 
at  the  Bay  View  locality  and  were  rare  at  30th  Street.  The  bivalves  were 
much  more  abundant  at  30th  Street  than  at  Bay  View.  About  three  miles 
west  of  the  30th  Street  locality,  in  the  town  of  Wauwatosa,  the  marl  is 
reported  to  occur,  although  I  have  not  seen  it  there."  The  species  collected 
are  listed  below: 

AnodotUa  species  Physa  anciUaria 

Sphaenum  simile  Planorbis  campantdaius 

"         rhotnboideum  "        atUrosus 

Valvata  sincera  "        anlrosus  sUriakis 

"      iricarinatd^  "        deflecius 

u  In  the  list  of  species  fiist  recorded  ecarinate  and  bicarinate  forms  of  Valvata  tricarinata 
as  well  as  Physa  heterostropha  were  recorded.  The  Valvatas  prove  to  be  degrees  of  carination 
and  not  true  bicarinate  and  ecarinate  varieties.  The  sincera  is  Say's  species  (vide  Walker) 
The  Pkysa  proves  to  be  a  form  of  anciUaria. 
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Amniccla  limosa  Galba  refiexa 

"       lustrica  "     palustris 

**      cincinnaliensis  **     obrussa  decampi 

The  absenpe  of  detailed  information  relative  to  the  stratigraphy  of  the 
Milwaukee  strata  renders  the  correct  placing^  of  the  deposits  observed  by 
Slocum  very  difficult.  The  peat  stratum  may  record  a  low  water  stage  or 
land  surface,  probably  of  early  date,  perhaps  between  the  Toleston  and 
Hammond  stages.  There  may  have  been  a  small  bfty  in  the  region  now  oc- 
cupied by  the  Milwaukee  and  Menominee  rivers  during  one  of  these  stages. 
Alden^^  describes  marsh  deposits  at  the  confluence  of  these  two  rivers  at 
depths  of  20  to  53  feet  below  the  level  of  Lake  Michigan,  indicating  that  at 
some  time  the  waters  of  the  lake  fell  very  much  lower  than  during  the  stages 
which  built  up  the  beaches.  Alden  believes  this  period  of  erosion  to  have 
followed  the  Calumet  stage.  The  writer  believes  that  the  low  water  period 
following  the  Toleston  (as  outlined  in  the  previous  chapter)  was  the  time  of 
this  very  low  water  stage  and  that  there  was  a  period  of  dry  land.  The 
Marsh  deposits  beneath  beach  gravel  at  Kenosha  evidently  underlie  the 
Englewood  beach  (Nipissing  stage). 

The  shells  mentioned  by  Whittlesey^  as  occurring  in  yellowish  compact 
clay  and  hardpan  12  to  24  feet  above  the  level  of  the  lake  at  Milwaukee 
probably  came  from  the  same  horizon  as  the  shells  collected  by  Mr.  Slocum. 
Five  species  are  identified. 

Planorhis  campanulalus 

Paludina  decisa  ( »Campeloma  decisa) 

Melania  depygis  (^Goniobasis  depygis).    This  was  probably  livesoens  rather  than 

depygis, 
Limnaea  desidiosa  {^  Galba  obrussa) 
Cydas  similis  {^Sphaerium  sulcatum) 

Recently,  Mr.  J.  R.  Ball,  of  Northwestern  University,  has  brought  to  my 
attention  a  deposit  containing  moUuscan  shells  in  the  ravine  of  a  small  creek 
entering  Lake  Michigan  at  Kenosha,  Wis.  which  possibly  belongs  to  the  same 
stage  as  the  marsh  deposits  recorded  above  by  Alden.  Mr.  Ball  describes 
the  locality  as  follows :  ''The  small  creek  (Pike  Creek)  has  a  rather  wide  valley, 
showing  numerous  cut-offs  and  abandoned  meanders,  and,  at  several  turns  in 
the  present  stream,  where  banks  ranging  from  three  to  five  feet  in  height  have 
been  cut  out,  the  enclosed  specimens  were  found.  They  were  not  very  abun- 
dant and  are  not  to  be  seen  elsewhere  than  where  found,  viz.,  about  one  foot 
or  ten  inches  from  the  present  valley  floor.  They  are  found  in  a  rather 
sandy  formation,  darkly  stained  with  organic  matter,  which  overlies  a  clay 
formation  which  weathers  in  rectangular  fashion,  and  which  is  also  stained 

^*  Milwaukee  Folio,  p.  9. 

»  Bull.  Gcol.  Soc.  Amer.,  XXII,  p.  215. 
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a  dark  color.  In  some  instances,  a  faint  approach  to  stratification  may  be 
seen,  showing  more  prominently  at  the  jmiction  of  the  sand  and  day.  The 
floor  of  the  valley  in  which  I  find  these  forms  is  not  more  than  eight  or  ten 
feet  above  the  present  level  of  Lake  Michigan.  In  no  case  have  I  fomid  any 
formation  overlying  the  one  containing  the  shells,  such  as  till,  clay,  etc.,  but 
always  as  previously  described"  [in  letter]. 
The  shells  found  by  Mr.  Ball  are  as  follows: 

Spkaerium  sukatum  Planorhis  parvus 

Pkysa  specks,  fragments  Planorhis  hirsutus? 

Pyramidyla  aUemala,  young 

3.  Strata  of  Uncertain  Age 

There^  are  several  records  which  cannot  be  definitely  correlated  with  any 
of  the  lake  stages.  Slocum's  record  of  elephant  remains  at  the  base  of  the  blue 
day  in  the  Milwaukee  section  may  be  referable  to  the  Bowmanville  low  water 
stage.  Calvin^  states  that  in  1876  a  complete  skeleton  of  an  dephant  was 
found  near  Adel,  Dallas  Co.,  in  peat  which  partly  filled  a  'kettle'  in  the  Wis- 
consin drift 

A  few  years  ago  Mr.  F.  M.  WoodrufiF,  of  the  Chicago  Academy  of  Sciences, 
secured  a  number  of  postglacial  mollusks  from  marl  deposits  near  Waukesha. 
This  locality  is  in  the  northwestern  part  of  Waukesha  County,  and  is  well 
within  the  area  of  the  Wisconsin  ice  sheet  The  body  of  water  in  which  the 
moUusks  lived  was  one  of  the  many  small  lakes  left  by  the  retiring  lobes  of  the 
Lake  Michigan  Glader  (Delavan  lobe).  It  has  not  been  possible  to  condate 
this  marl  bed  with  any  one  of  the  glacial  stages  of  Lake  Chicago.  Mr.  Wood- 
ruff reports  the  shells  as  very  abundant.  The  following  spedes  have  been 
noted: 

Amnicola  walkeri  Planorlds  campanukUus 
Pkysa  walkeri.    Some  scalarifom  "      antrosus 

Pkysa  vHtrremana  **      parvus 

GaXba  naskotahensis  "       txaeuous 

Alden^^  records  several  mammals  as  occurring  in  postglacial  dqx>sits  in 
southeastern  Wisconsin.  They  may  have  been  buried  during  any  of  the  lake 
stages  and  a  few  may  belong  to  recent  time. 

Cenus  canadensis.    Antler. 

Wauwatosa  at  depth  of  4  feet 
Mammut  americanum.    Tuak  and  other  bones. 

Racine  County,  Dover  township,  in  welL 
BUpkas  primigenius.    Bones  and  upper  jaw. 

Milwaukee  at  depth  of  13  feet. 

"•  Smith  Contr.  to  Knowledge,  XV,  Act  2. 

»**  ProfcsBional  Paper  106,  U.  S.  G.  S.,  pp.  346-347. 
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Figure  2.     Diagram  illustrating  teirace  deposits  on  Rock  River. 

A.  Ground  plan  of  rivei;  a-b,  points  between  which  section  was  taken;  c,  pcnnt  near 
which  section  was  taken;  d,  sand  bar  on  which  fossil  shells  are  deposited  after  being  dug  tram 

B.  Section  of  terrace  at  c  in  A.  a,  fine  rich  black  alluvium,  3  feet  thick,  containing  shdls 
of  Polygyra  {Maodcn),  Sucdnea,  Lynnaea,  Physa,  etc.,  almost  exclusively  Pulmonata;  b, 
mixture  of  top  and  under  stratum,  2  feet  thick,  containing  also  a  mixture  of  both  kinds  of 
mollusks;  c,  pure  sand  and  fine  gravel,  4  feet  thick,  containing  great  numbers  of  fresh  water 
HoUusca,  as  Unto,  Sphaerium,  Pisidium,  Campdoma,  Phurocera,  Atmiieola,  PyrgulePiij, 
Somologyna,  etc;  d,  loose  sand;  e,  Rock  River  (Copied  from  Shimek,  Bull.  Lab.  Nat.  Hist. 
State  Univ.  Iowa,  II,  plate  XIII). 
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Undetermined  proboscidians. 

Near  Madiaon,  teeth  and  small  bones;  Fond  du  Lac,  small  leg  bones  in  ditch;  Lake 
Monona,  Madison,  vertebra. 

II.  ILLINOIS 

An  account  of  the  lake  stages,  with  their  attendant  life,  has  been  given  in 
Chapters  U  and  m.  Outside  this  lake  basin  there  are  many  records  of  life 
which  are  referable  to  post-^sconsin  time,  but  which  cannot  be  definitely 
placed  in  any  one  of  the  lake  stages.  These  may  be  considered  under  two 
heads;  1,  fluviatile,  and  2,  terrestrial. 

i.  FhiviaMe  Deposits 

Shimek^*  has  described  a  deposit  of  shells  near  Rock  Island,  in  a  terrace 
north  of  Turkey  Island.  The  terrace  is  said  by  Leverett*'^  to  be  of  Wisconsin 
age.  The  diagrams  in  figure  2  indicate  the  position  and  sequence  of  the  strata 
and  the  location  of  the  section.  Shimek^  believes  that  C  was  evidently  an 
old  sand  bar  upon  which  were  heaped  the  shells  while  it  lay  in  the  path  of  a 
strong  current,  this  supposition  being  indicated  by  the  coarseness  of  the  mater- 
ial. The  middle  stratum  was  deposited  while  strong  currents  of  flood  times 
alternated  with  the  more  sluggish  currents  of  low  water  and  we  find  a  conse- 
quent commingling  of  coarse  and  fine  material.  The  upper  deposit  containing 
carbonaceous  material  was  deposited  duffing  floods  when  silt-laden  water  backed 
1^  and  overflowed  the  land  after  the  river  had  receded  from  the  old  sand-bar. 
The  upper  deposits  are  somewhat  loess-like  in  character.  As  shown  by  Lever- 
ett,  this  terrace  is  of  wide  extent.  Shimek  made  borings  40,  50,  and  150  feet 
from  the  edge  of  the  bank  and  found  the  sections  substantially  the  same  as  the 
river  bank  section.  This  dqx>sit  was  probably  contemporaneous  with  an  early 
stage  of  Great  Lake  history,  perhaps  correlative  with  the  Calumet  stage, 
and  certainly  as  early  as  the  Toleston  stage.  As  indicated  in  the  diagram 
the  lower  deposits  contain  fluviatile  life  only,  while  the  upper  dq)osits  are  made 
up  mainly  of  terrestrial  life.  The  absence  of  Unios,  other  than  fragments,  is 
noteworthy.  The  upper  stratum  represents  a  period  of  time  somewhat  later 
than  the  lowest  stratimi,  indicating  that  the  volume  of  water  was  much  less. 

Fluviatile  sptaeA^  mostly  from  stratum  C* 

Unioj  fragments  Pyrpdofsis  scalcriformis 

Sphaerium  striaiinum  SonuUgyrus  subglcbosus 

"      simile(am  sulcatum)  "       integer 

PiMium  abdiktm  Pomatiopsis  lapidaria 

*•  Bull.  Lab.  Nat.  Hist.  State  Univ.  Iowa,  II,  pp.  170-171. 
"  Illinois  Gladal  Lobe,  plate  VI. 
W0^.ci7.,pp.  17M74. 

"  The  newer  nomenclature  is  used  in  these  lists.    The  species  here  listed  as  coafciaUtm 
was  possibly  a  f  onn  of  exUis;  coarctatum  is  a  southern  spedes. 
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Pleurocera  subulare  Valvata  tricarinaia 

Amnicda  limosa  **     bkaHnata 

"      cincinnatiensis  (^sayana)  Vivipara  inUrtexia 

"      emarginatc(^BytkineUa  obtusa)    Campdoma  subsoUdum 

"        coarctaium 
Pulmonate  species,  mostly  from  stratum  A 
Pdygyra  muUUineata  Bifidaria  pentodan 

"      profunda  GaSba  reflexa 

"      dausa  "    caperata 

VUrea  hammoms  "   obrussa  ( '^desidiosa,  of  authors) 

"     indenkUa  "   humilis  modiceUa 

Zonitoides  arhorea  Segmeniina  armigera 

"      minuscida  Planorbis  trivolvis 

Succinea  atfolis  ("obliqua)  "       parvus 

"     avara  Pkysa  gyrina 

Bifidaria  contracia  Ancylus  rivularis 

The  strata  described  by  TiflFany*®  at  Rock  Xlsand  evidently  represent  the 
same  period  as  the  above  deposits  described  by  Shimek.  ''The  locality  is 
situated  at  the  western  extremity  of  the  arsenal  grounds  and  the  shells  were 
discovered  in  an  excavation  300  feet  long  and  8  feet  deep.  Three  feet  from 
the  top  (which  is  18  feet  above  the  highest  level  of  the  river)  is  a  deposit  of 
shells,  mostly  Unios,  with  Campdoma  subsolidum,  and  two  species  of  Hdix. 
The  shell  bed  is  from  6  to  16  inches  thick.  Human  remains  were  found  in  the 
lower  part  of  the  shell  bed,  associated  with  antler  of  elk  or  deer  and  part  of  shin 
boneof  Bison(?)." 

Shell  beds  referable  to  the  same  period  (post-Wisconsin)  as  those  described 
by  Shimek  and  Tiffany,  are  reported  from  the  vicinity  of  Davenport,  Iowa, 


Figure  3.    Diagram  of  shell  bed  at  head  of  Rock  Island,    o,  Bed  of  limestone;  b,  shell 
bed;  c  c,  general  surface;  r,  river  (After  Pratt,  Prac.  Daven.  Acad.  Sci.,  11,  page  i6i,  fig.  i6). 

and  Rock  Iskmd,  Credit  Island,  Gilbert,  Moline,  and  New  Boston,  Illinois. 
These  beds  are  from  1-lH  ^^  over  3  feet  in  thickness,  and  range  in  position 
from  just  above  high  water  mark  to  about  5  feet  above  high  water.  A  section 
at  the  head  of  Rock  Island  is  diagrammatically  pictured  by  Pratt  in  figure  3. 
The  shell  beds  lie  immediately  above  the  bed  rock  (limestone)  and  are  covered 
by  deposits  brought  down  by  the  river.  Pratt**^  lists  a  number  of  fluviatile 
mollusks  but  ascribes  the  shell  beds  to  the  agency  of  modem  ice  which  he 
believes  has  pushed  them  from  the  river  bed  to  their  present  location.  While 
this  agency  does  perform  such  feats  with  boulders  and  other  objects,  it  is  totally 

*  Proc.  Daven.  Acad.  ScL,  I,  pp.  42-43. 

'**  Proc.  Davenport  Acad.  Sd.,  11,  pp.  156-162. 
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inadequate  t<f  account  for  the  present  shell  stratum.  The  deposits  are  evidently 
the  same  as  those  described  above  by  Tiffany.  Thirteen  fluviatile  and  four 
land  moUusks  are  listed  by  Pratt 

Fuscenaja  undaia  ( » Irigonus)  Obovaria  ellipsis 

CrenodofUa  plicata  Nepkronajas  ligamentina 

Quadnda  puskdosa  Vivipara  subpurpurea 

"     meiofieara  Campdoma  stdfsciidum 

Rohmdaria  Puberculata  ( *»  vefjucosus)  Polygyra  profunda 
Pletkobasus  aesopus  "     thyraidts 

EUipiio  crasidens  "      muUUineata 

"     gibhosus  Pyramidula  aUeranta 
OUiquaria  refiexa  {^comutus) 

Limnaea  (Galba)  tazeweUiana  and  Pyrgulopsis  scalariformis,  described  by 
Wolf**  from  post-Pliocene  deposits  on  the  Tazewell  side  of  the  Illinois  River, 
are  probably  referable  to  the  same  age  as  the  Rock  Island  fauna.  No  fossil 
species  other  than  the  Lymnaea  (now  known  as  Galba  parva)  and  the  Pyrgulop- 
sis have  been  recorded  from  this  locality,  altho  they  are  doubtless  to  be  foimd 
in  the  same  deposits.  Leverett^  reports  ^'molluscan  shells  in  sand  at  6-10 
feet"  from  section  3-4;  T.33,  R.5E,  LaSalle  County,  but  the  nature  of  the 
shells  is  not  stated. 

Near  Mahomet,  Sangamon  County,  on  the  Sangamon  River,  fresh-water 
mollusks  have  been  collected  by  Dr.  T.  E.  Savage,  of  the  University  of  Illinois, 
in  a  sand  stratum  about  four  feet  below  the  surface.  The  species,  8  in  number, 
are  mostly  fluviatile,  and  are  listed  below: 

Unio,  fragments  Amnicola  limosa  porala 

SphaeriuM  soUdtdum  Pleurocera  devatum 

Pisidium  compressum  Planorbis  atUrosus 

Campdoma  integrum  (young)  Pyramidula  sditaria 
Valvata  tricarinaia 

About  three-quarters  of  a  mile  below  Mahomet,  on  the  north  bank  of  the 
Sangamon  River,  a  sand  stratimi  occmrs  in  the  flood  plain  hi  the  riv^,  about 
8-12  inches  below  the  surface  of  the  river  and  five  feet  above  the  level  of  the 
water  (in  July).  The  deposit  is  several  hundred  feet  in  extent  and  is  evidently 
somewhat  yoimger  than  the  deposit  examined  by  Savage.  The  species  col- 
lected from  this  stratum  are  noted  bdow: 

Sphaerium  sulcatum  Valvata  bicarinata 

"       stamineum  Amnicola  limosa 

"       sclididum  Pleuirocera  devatum 

Pisidium  virginicum  Planorbis  antrosus 

"     compressum  iUinoisesnse  "      campanulatus 

Campdoma  integrum  Pyramidula  altemata 

"  Amer.  Joum.  Conch.,  V,  p.  198. 
B  Illinois  Gladal  Lobe,  p.  640. 
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Mr.  J.  L.  Timison,  of  the  Page  Engineering  Co.,  Chicago/ has  brot  to 
the  writer's  attention  an  interesting  deposit  situated  one  mile  from  Cary, 
McHenry  Co.,  near  the  Fox  River.  The  section  shows  the  strata  indicated 
in  the  table  below: 

1.  Black  loam 2J^  feet 

2.  Brown  earth 2^    " 

3.  Marl 4 

4.  Moss 2 

5.  Marl 2 

The  two  marl  bedis  and  the  moss  bed  contain  the  remains  of  life.  Stratum 
3,  the  first  marl,  contains  six  species  of  mollusks,  as  noted  below: 

Valtata  tricarinata  Amniccia  lustrica 

Valvata  lewisii  Flanorbis  parvus 

Amnicda  litnosa  Planorhis  exacuous 

The  moss  bed,  stratum  4,  is  an  almost  solid  mass  of  vegetable  matter. 
Dr.  £.  W.  Berry,  of  Johns  Hopkins  University,  examined  some  of  the  material 
and  reported  as  follows:  "The  moss  layer  between  two  layers  of  marl  is  cer- 
tainly very  interesting,  illustrating  as  it  does  changes  of  level.  The  form 
is  a  sub-species  of  Plagiothecum  denticukUum  (Linn6)  B.  &  S.,  probably  near 
the  subspecies  rosaceum  (Hampe)  B.  &  S.  This  moss  is  very  common  and  wide- 
spread in  middle  latitudes  and  may  possibly  be  a  composite  form.  It  grows  in 
various  moist  (not  necessarily  swamp)  situations  from  the  Atlantic  to  the  Paci- 
fic." 

The  marl  beneath  the  moss,  stratimi  5,  contained  but  one  species  of  mollusk, 
Galba  galbana,  a  spedes  characteristic  of  the  colder  period  following  the  retreat 
of  the  ice  sheet.  The  cause  of  the  changes  of  level  in  the  body  of  water  in  which 
these  animals  and  plants  lived  is  not  at  present  known. 

a.  Lake  Kankakee 

Leverett^  and  others  have  shown  that  a  lake  once  occupied  a  large  part  of 
the  Kankakee  marsh  area,  and  Bradley,^  a  number  of  years  ago,  reported 
species  of  Unio  and  Paludina  {^Campehma)  from  sand  banks  along  the 
Iroquois  River,  15-30  feet  high,  which  he  believed  were  made  by  an  old  lake. 
This  lake  is  believed  to  have  been  very  shallow  and  there  is  no  reason  to  doubt 
the  possibility  of  a  biota  migrating  up  the  Illinois  River  and  occupying  this 
old  lake  basin,  even  while  the  ice  was  not  many  miles  away.  A  careful  study 
of  this  basin  would  no^doubt  reveal  many  evidences  of  Pleistocene  life. 

» Illinois  Glacial  Lobe,  pp.  S2Sr33S,  plate  VL 
»*  Geol.  ni.,  IV,  p.  227. 
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b.  Smdl  Lakes 

Many  small  lakes  and  streams  have  become  filled  up  since  the  beginning 
of  post-\i^sconsin  time.  The  proof  of  the  existence  of  these  ancient  lakes  is 
in  the  remains  of  mollusks  and  other  animals  which  are  now  embedded  in  the 
day  which  fills  them.  In  Iroquois  County,"  six  miles  northwest  of  Hoopston,  a 
mastodon  was  found  in  a  bed  of  day,  assodated  with  the  following  mollusks: 

Planorbis  parvus  Pisidium,  resembling  abdifum 

Valwta  Ificarinata  Valvaia,  Teaembling  V.  Hriata('»lewisii), 

Two  miles  southeast  of  Fairmount,^  Vermilion  County,  the  shells  of  Lyfn^ 
naea,  Pkysa,  Pianorbis,  and  Sphaenum  occur  in  a  light  brown  tenaceous  day 
beneath  one  or  two  feet  of  black  soil.  A  mastodon  was  secured  from  this 
deposit;  it  was  lying  upon  and  partly  embedded  in  the  marly  day.  The 
location  is  in  an  old  slough. 

On  the  Champaign  till  sheet,  near  the  inner  side  of  the  Champaign  moraine 
several  marl  deposits  occur  which  represent  the  bottom  of  old  ponds  which 
filled  kettle  holes.  Such  deposits  occur  near  the  new  greenhouses  at  the 
University  of  Illinois,  Urbana,  Champaign  County.  The  fauna,  which  is 
quite  extensive,  indicates  a  climate  colder  than  at  present  in  this  latitude, 
several  of  the  spedes  now  living  far  to  the  north  of  this  locality,  viz.,  GMa 
obrussa  iecampij  Valvaia  sincera,  PisUdum  tenmssimum  cakareum,  and  Pisi- 
dium costaium.    Collected  by  Dr.  T.  £.  Savage. 

SecHon  of  straia  on  the  University  Campus^  Urbana 

4.  Top  soil  or  black  day  without  pebbles,  grading  into  number  3  below ^..  20-24  indies 

3.  Qay,  dark  above,  becoming  light  gray  and  more  calcareous  bdow;  contain- 
ing numerous  shells  of  gastropods.^ 18-20  inches 

2.  Marl  or  limestone  composed  of  more  or  less  completdy  broken  shells  scnne- 

what  consolidated  by  cement  of  CaOO  i 8-12  inches 

1.  Gladal  till,  pebbly,  gray;  the  Champaign  till  sheet,  eariy  Wisconsin 6-12  inches 

The  character  of  the  shells  and  the  position  of  the  shell  bed  above  the  till 
sheet  leads  to  the  inference  that  the  pond  may  have  contained  the  living  shells 
when  the  late  Wisconsin  ice  was  retreating  in  the  northern  part  of  the  State. 
The  20  spedes  observed  in  this  dqx>sit  are  listed  below: 

Sphaerium  rhomboideum,  raze 

"      ouidenUde^  rare 
MuscuHum  Pruncahtm,  common 

**       rosaceum,  rare 
Pisidium  adamsi  qffine,  rare 

"     cf.  contortum,  rare 

"     cosiaksm,  common 

*  Cdlett,  Dept.  GeoL  Nat.  Res.,  Indiana,  2nd  An.  Rep.,  p»  386b 
<*  Bradley,  Geol.  QL,  IV,  p.  242. 
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Pisidium  tenuissimum  cakareutn,  abundant 
"     9ariabUe,  rare 
"     vesictdar^y  not  common 
Valvata  tricarinaUi,  not  common 

"     sincera,  common 
Physa  gyrina,  abundant 

"    sayii,  rare 
Planorhis  trivolvis,  abundant 

"      parvus  urbanensis,  not  common 
"      alHssimuSf  not  common 
Galba  reflexa,  abundant 
caperata,  abundant 
obrussa  decampi,  common 


» 
If 


2.  Terrestrial  Deposits 

Many  years  ago,^  portions  of  a  mastodon  were  found  in  a  boggy  swale  near 
a  salt  lick,  while  grading  a  branch  of  the  C.  B.  and  Q.  Railroad  at  Aurora, 
Kane  County.  The  tusk  was  eight  feet  in  length.  Bannister*^  republishes 
this  record  and  adds  one  for  Castoraides  okioensis,  which  was  found  in  a  slough 
near  Naperville,  DuPage  County.  Lathrop,'^  long  ago,  reported  a  mastodon 
tooth  from  the  Kishwaukee  River,  which  had  been  drawn  up  in  a  seine.  It  is 
impossible  to  say  from  just  what  formation  it  may  have  originated. 

A  mastodon  was  found  at  Turner's  strippings,'®  about  three  miles  east  of 
Morris,  Grundy  County,  imder  18  inches  of  black  mucky  soil,  and  about  four 
feet  of  yellowish  loam,  and  resting  on  about  a  foot  of  hard  blue  clay  which 
covered  the  coal.  The  location  is  in  a  portion  of  the  old  river  bottom  and  the 
body  may  have  been  mired  here  or  possibly  it  was  deposited  by  the  river.  A 
skeleton  of  Castoraides  ohioensi^^  was  found  in  a  ploughed  field  many  years 
ago  near  Charleston,  Coles  County. 

In  addition  to  the  above.  Miss  Anderson  records  a  number  of  proboscidian 
remains  from  post- Wisconsin  deposits,  as  indicated  below:** 

Cook  County.    Evanston,  in  gravel  pit  (mammoth);  Glencoe,  in  glacial  drift  (mastodon) 

DuPage  County.    Wheaton,  in  ditch  on  farm  (mammoth) 

Edgar  county.  Bottoms  of  prairie  slough,  associated  with  fresh  water  shells,  in  light  brown 
marly  day  (mastodon);  fragments  of  this  animal  are  not  rare  in  Edgar  County. 

Grundy  County.  In  bog  spring,  7  feet  below  the  surface,  associated  with  bones  of  bison,  deer, 
and  elk  (mastodon  in  abundance).  Elephant  bones  also  foimd  in  wells  in  the  neighbor- 
hood. 

Kane  County.  In  marsh,  5  feet  below  the  surface,  associated  with  bison  and  other  bones 
^mastodon). 

"  Evans,  Proc.  A.  A.  A.  Sci.,  V,  p.  58. 

»  GcoL  DL,  IV,  p.  113. 

*•  Amer.  JourxL  Sd.,  (ii),  XII,  p.  438. 

»•  Bradley,  GeoL  HI.,  IV,  p.  193. 

«  Leidy,  Proc.  Phil.  Acad,  1867,  p.  97. 

^  Augustana  Library  Publications,  No.  5« 
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Knox  County.    From  recent  deposits  near  the  surface  (tusk  of  mammoth) ;  on  farm  (elephant 

tooth). 
Macon  County.    Location  unknown. 
Ogle  County.    In  bog  (mammoth). 
Vermilion  County.    Near  Danville,  in  blufif,  the  following  succession  of  strata  occur:   Soil, 

five  feet;  gravel,  with  bones  of  an  elephant,  eight  feet;  clay,  two  feet;  fine  sand  on  coal 

measures,  two  feet;  Near  East  L3mn,  in  ditch. 

A  number  of  the  records  of  Miss  Anderson  cannot  be  included  because  of 
the  uncertainty  of  the  horizon  from  which  they  came.  Bagg**  adds  several 
records  to  those  of  Miss  Anderson,  as  follows: 

Vermilion  County,  near  RossviUe,  on  the  bank  of  north  Fork  of  Vermilion  River,  near 
Pesotimi,  on  farm,  3)^  feet  below  surface. 

Kane  County,  near  Maple  Park,  6  feet  below  surface. 

The  remains  of  several  species  of  mammals  have  been  found  in  early  Wis- 
consin deposits  in  Champaign  County.  These  are  now  in  the  Museum  of  the 
University  of  Illinois  and  were  identified  by  Dr.  O.  P.  Hay.  They  are  all 
apparently  referable  to  post-Wisconsin  time. 

Bison  bison.  Horn  cores  and  part  of  the  skull  of  a  bison  were  collected  at 
Homer  by  R.  M.  Bagg. 

Symbos  cavifrons.  Horn  cores  and  part  of  the  skull  of  this  musk-ox  were 
found  in  digging  a  ditch  four  miles  south  of  Bondville. 

MammtU  americanum.  A  lower  last  molar,  which  had  not  been  cut  in  the 
animal's  jaw  before  its  death,  was  found  while  excavations  were  being  made 
for  the  lake  at  Crystal  Lake  Park,  Urbana.  The  deposit  was  about  200  feet 
north  of  the  former  stream  channel,  in  very  low  ground. 

Megalonyx  cljeffersonii,  *'A  daw  was  found  just  east  of  the  road  and  just 
north  of  where  the  old  channel  was  located  at  the  eastern  end  of  Crystal  Lake, 
Urbana.  It  was  found  in  blue  day  excavated  from  the  lagoon  west  of  the 
road,  during  the  fall  of  1909,  by  Mr.  Lindley  of  Urbana"  (C.  C.  Adams). 

3.  Loess  Deposits 

Loess  deposits  overlying  Wisconsin  till  are  reported  by  Barrows'*  from  the 
Illinois  Valley.  The  presence  of  moUusks  is  indicated  but  no  species  are 
named  Leverett  refers  to  loess  shells  as  follows:"  **The  portion  of  the 
Shelbyville  moraine  north  of  Shdbyville  carries  a  larger  amoimt  of  surface 
silt  than  the  portion  east  of  that  dty.  Not  only  the  moraine  but  the  district 
to  the  east,  for  a  distance  of  perhaps  20  miles,  has  a  coating  of  silt  so  thick 
that  bowlders  are  completely  concealed,  for  it  not  infrequently  reaches  a  depth 
of  5  or  6  feet.  .  .  .  The  silt  is  usually  of  a  brownish-yd  ow  color,  much  like 
that  of  the  oxidized  till  imdemeath  it,  though  slightly  paler  than  the  till.  .  . 

»  Univ.  HI.  Studies,  III,  No.  2,  pp.  45-56. 
**  BulL  15,  ni.  Geol.  Surv.,  p.  48. 
*  Illinois  Gladal  Lohc,  p.  198. 
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Where  thickest  it  is  somewhat  calcareous  in  the  lower  portion  and  carries  small 
molluscan  shells  of  land  and  water  species,  similar  to  those  found  m  the  lowan 
loess. " 

III.  INDIANA 

1.  Lacustrine  deposits 

Records  of  lacustrine  deposits  in  Indiana  are  exceedingly  rare,  that  of 
W.  M.  Mills*  being  the  only  reference  observed.  Near  Winona  Lake,  Kos- 
ciusko County,  the  shells  of  Unios  and  univalve  mollusks  have  been  found  near 
an  ancient  beach  ten  or  more  feet  above  the  present  level  of  the  lake.  The 
shells,  with  vegetable  remains,  are  on  peat  bogs,  from  one-fourth  to  one-half 
mile  from  the  present  edge  of  the  lake.  The  old  beach  in  the  emba3anent  is 
18  to  20  feet  above  present  level.  The  deposit  at  the  head  of  the  embayment 
is  three  quarters  of  a  mile  from  the  shore.  It  is  thot  that  the  lake  was  held 
up  by  two  ancient  glacial  dams.  The  species  of  mollusks  are  not  given  and 
their  general  character  can  only  be  guessed.  Indiana  contains  a  large  number 
of  lakes,  many  of  them  with  marl  beds,  which  doubtless  contain  large  nimibers 
of  mollusks  referable  to  post-Wisconsia  time.  Gdba  galbana  is  in  the  United 
States  National  Museum,  received  from  marl  deposits  three-fourths  of  a  mile 
southwest  of  Stewartsville,  Posey  County,  and  one  and  one-half  miles  north- 
west of  Petersburg,  Pike  County. 

2,  Terrestrial  Deposits 

Records  of  terrestrial  animals  are  numerous  from  Indiana,  but  they  cannot 
be  referred  to  any  definite  lake  stage,  altho  nearly  all  are  post- Wisconsin.  In 
Randolph  County  both  the  mastodon'^  and  Castoroides^^  have  been  f  oimd,  the 
latter  a  few  miles  east  of  Winchester  and  the  mastodon  near  Losantville,  in  a 
peat  bog.  The  Castoroides  was  in  a  swamp,  about  eight  feet  below  the  surface, 
in  a  bluish  gray  silt  imderl3dng  four  or  five  feet  of  alluvium  very  rich  in  vegetable 
mold,  and  overlying  drift  gravel.  Castoroides  is  also  reported  by  the  same 
author  from  Greenfield,  Hancock  County.** 

Wabash  and  Grant  counties  have  furnished,  perhaps,  a  larger  nimiber  and 
variety  of  fossils  than  any  other  county  in  the  state.  Moses  and  Benedict 
have  recorded  the  following  species  from  Wabash  County  ."^^ 

Elephas  primigeniuSf  in  Pleasant  Township,  under  five  feet  of  muck;  also  near  ETora. 
Mammut  americanum,  two  miles  west  of  L^keton,  in  ditch  on  farm  near  Silver  Creek. 

» Indiana  Dept.  Geol.  Nat.  Res.,  XXVIII,  pp.  377-396. 

"  Moore,  Proc.  Ind.  Acad.  Sci.,  1896,  p.  277. 

»•  Moore,  Proc.  A.  A.  A.  Sci.,  XXXDC,  p.  265. 

••Proc.  Ind.  Acad.  Sci.,  1899,  pp.  171-173, 

**  Indiana  Dept.  Geol.  Nat.  Res.,  17th  An.  Rep.,  pp.  240-241 
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Certus  canadensis,  antlers  found  in  swamp  near  west  county  line. 
OdocoiUus  tirginianus,  3^  miles  north  of  Roann,  in  ditch  at  depth  of  9  feet. 

In  Grant  County,*^  four  miles  east  of  Fairmount,  in  a  drainage  canal  which 
empties  into  the  Mississinewa  River,  at  a  depth  of  12  to  15  feet,  was  found  a 
nearly  complete  skeleton  of  Elephas  printigenius.  Near  this  locaUty  a  partial 
skeleton  of  Castoroides  was  also  found.  Three  miles  west  of  the  town  of 
Crown  Point,  Lake  County,  near  the  remains  of  an  old  beaver  dam,  the  bones 
of  a  mastodon  were  found  some  years  ago.^  In  DeKalb  County**  the  mastodon 
has  been  found  in  five  different  places.  This  animal  is  also  reported  from  near 
Muncie,  Delaware  County**  and  an  Elephas  (listed  as  primigenius)  is  recorded 
as  having  been  foimd  in  the  bed  of  Black  Creek  in  Montgomery  County.**^ 
Symbos  cavifrons,  associated  with  the  mastodon,  is  recorded  from  the  bottom 
of  Beaver  Lake,  just  east  of  the  Illinois  State  line  in  Newton  County.**  Blatch- 
ley*'  reports  the  mastodon,  elephant,  and  other  mammals  from  northwestern 
Indiana,  at  the  following  localities: 

MammtU  amencanum.  Kankakee  marsh,  section  25  (33  N.  7  W.),  three  miles  southeast 
of  Hebron;  in  a  marsh  by  the  side  of  Cobb's  Creek,  ^ast  of  Hebron;  near  Sandy  Hook  Creek, 
northwest  of  Kouts,  2  feet  below  the  surface;  on  fann  of  Peter  A.  Blair,  southwest  quarter  of 
section  27  (35  N.  6  W.)>  two  miles  southwest  of  Valparaiso;  all,  in  Porter  County. 

Elephas  (species  not  definitely  ascertained,  but  listed  as  primigenius).  Marsh  on  head 
waters  of  Deep  River,  north  half  of  section  35  (35  N,  9  W,),  about  two  miles  east  of  St.  Johns, 
Lake  County. 

Cervus  canadensis.  Near  Sandy  Hook  Creek,  northwest  of  Kouts,  Porter  County,  asso- 
ciated with  mastodon  teeth.    Antlers  of  the  elk  have  also  been  found  in  Lake  County. 

Four  miles  southeast  of  Noblesville,  Hamilton  County,  the  bones  of  a 
mammoth  were  found  in  a  ditch,  in  fine  blue  clay  under  three  feet  of  peat 
bog.**  Cope  and  Wortman*®  list  the  following  species  from  post-Pliocene 
deposits,  apparently  referable  to  post-Glacial  time. 

Canis  latrans,  Boone  County,  with  mammoth. 
Platyg&nus  compressus,  Laketon,  Wabash  County. 
Castoroides  okioensis,  Carroll  and  Kosciusco  counties. 

Dr.  O.  P.  Hay*®  records  a  large  niunber  of  vertebrates  from  the  post- Wis- 
consin deposits  of  Indiana.   These  are  represented  in  most  cases  by  a  few  bones 

«  Hay,  Smith.  MisceL  Coll.,  LDC,  No.  20,  p.  13, 1912. 

*"  Ball,  Proc.  Ind.  Acad.  Sci.,  1894,  pp.  54-57. 

^  Dryer,  16th  An.  Rep.,  Dept.  Geol.  Nat.  Res.  Ind.,  p.  104. 

^Phinney,  11th  An.  Rep.  Dept.  Geol.  Nat.  Res.  Ind.,  pp.  131-132. 

*  Thompson,  15th  An.  Rep.  Dept.  Geol.  Nat.  Res.  Ind.,  p.  159. 

«  Bradley,  Geol.  111.,  IV,  p.  229. 

"  GeoL  Lake  and  Porter  Counties,  Indiana,  p.  90. 

«•  CoUett,  Ind.  Dept.  Stat,  and  Geol,  2nd  An.  Rep.,  p.  386. 

»  Dept.  Geol.  Nat.  Res.  Ind.,  14th  An.  Rep.,  part  2. 

**  Ind.  Dept.  Geol.  Nat.  Res.,  36th  An.  Rep.,  pp.  539-784. 
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or  teethy  and  rarely  by  a  nearly  perfect  skeleton.  In  a  few  cases  the  strata  in 
which  the  bones  were  found  are  of  uncertain  age.  Those  records  not  included 
in  the  previous  pages  are  listed  below: 

Cenms  canadensis  (pages  618-618). 

Rensselaer,  Jasper  County;  Foiesman,  Newton  County;  North  of  Camden,  Penn  Town* 
ship,  Jay  County,  with  mastodon;  One  or  two  miles  southwest  of  Winchester,  Randolph 
County;  Franklm  City,  on  Nolans  Fork,  Wayne  County;  One  mile  northeast  of  Cambxidge 
City  m  Little  Simond's  Creek,  in  bed  of  gravel  (may  be  of  lecent  epodb), 

Symbos  camfrans  (pages  638-639). 

Six  miles  east  of  Hebron,  Porter  County,  seven  feet  deep  beneath  sand  and  day;  Randolph 
County;  From  bank  of  White  River,  near  Walesboro,  Bartholomew  County,  near  marjpn  of 
Wisconsin  drift 

Onbos  moschaius  (pages  641-644). 
Near  Richmond,  Wayne  County. 

MamrniU  americanum  (pages  700-715). 

The  mastodon  was  evidently  widely  distributed  in  Indiana  during  post- 
Wisconsin  time,  judging  from  the  number  and  the  wide  dispersal  of  its  remains. 
Hay  reports  it  from  the  foUowing'localities: 

Allen  County;  Fort  Wayne.  Dekalb  County;  Waterloo,  in  peat  bog,  5  miles  west  of  town. 
Fountain  County;  in  wet  prairie;  Newton,  in  bank  of  coal  Creek,  3  feet  beneath  surface. 
FrankUn  County;  Brookville,  in  peat.  Grant  County;  lake  marsh  in  Fairmount  Township. 
Hendricks  County;  near  Danville.  Henry  County;  (no  data).  Jackson  County;  Sparksville, 
in  bank  of  White  River.  Jasper  County;  in  peat.  Lay  County.  LaGrange  County;  near 
LaGrange.  Madison  County ;  near  Anderson,  in  swamp,  under  3  feet  of  soiL  Marion  County; 
Indianopolis,  comer  Pennsylvania  and  30th  Street,  in  sewer.  Marshall  County;  south  of 
South  Bend,  in  ditch  near  line  between  Marshall  and  St.  Joseph  counties.  Miami  County; 
Denver,  under  5-6  feet  of  muck.  Montgomery  County;  on  farm  in  section  12,  T.20  N.R.  3. 
W.  Newton  County;  in  Beaver  Lake.  Parke  County;  junction  of  Raccoon  and  Little  Rac- 
coon creeks.  (The  horizon  to  which  this  record  should  be  assigned  is  doubtfuL)  Porter 
County;  on  Valparaiso  moraine,  8  feet  below  surface,  five  miles  southwest  of  Valparaiso.  Put- 
nam County;  near  Greencastle  (no  record  of  geological  strata).  St  Joseph  County;  Kanka- 
kee marsh,  Olive  Township,  ten  miles  west  of  South  Bend ;  also  in  Portage  Township.  Steuben 
County;  near  Ashley,  in  swamp  5  feet  below  surface,  in  marl  overlaid  by  muck.  Tipton 
County;  near  Lancaster,  in  black  soil,  underlaid  by  white  marL  Wabash  County;  Township 
29,  R.  7,  three  miles  east  of  North  Manchester.  Wayne  County;  two  miles  east  of  Richmond 
in  fish  pond;  Jacksonbuig,  eighteen  miles  west  of  Richmond;  Dalton,  on  Nettle  Creek. 

EUphas  primigenius  (page  733). 

Jefferson  County;  Randolph  County,  near  Windsor,  in  bed  of  Stoney  Creek;  St.  Joseph 
County,  Liberty  Township,  sixteen  miles  southwest  of  South  Bend. 

Elaphas  cdumbi  (pages  742-746). 

Carroll  County,  Bringhurst;  Monroe  County,  Gosport,  in  bank  of  White  River,  at  depth 
of  S-9  feet,  in  bed  of  sand  overlaid  by  plastic  bluish  clay.  Thot  by  Hay  to  be  alluvium  of 
valley  laid  down  during  or  after  the  Wisconsin  invasion  (page  744) ;  Moigan  County,  1 H  miles 
west  of  Monrovia,  on  gravel  bar  in  Sycamore  Creek;  Tipton  County,  ^K^dfalL 

Mammoth  remains,  species  not  indicated  (pages  746-750). 

Allen  County;  Dubois  County  (age  doubtful) ;  Jasper  County  ?;  Martin  County,  imbeded 
in  marsh  clay  resting  on  drift;  Parke  County;  Putnam  County;  Vermilion  County;  Ylgo 
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County,  farm  in  Otter  Creek  Township;  Wabash  County,  east  half  section  18.T.  27.R.  8, 
near  Dora,  Pleasant  Township,  under  5  feet  of  muck;  Wa3nie  County,  on  Nolans  Fork,  near 
Webster. 

Castaraides  okiamsis  (pages  766-768). 

Boone  County,  no  locality;  Cass  County,  2-3  miles  south  of  Logansport,  7  feet  below 
surface,  lying  on  fine  sand,  covered  with  1  foot  of  solid  gravel,  3  feet  of  day  and  3  feet  of 
alluvium;  Grant  County,  near  Greenville;  Madison  County,  near  SummitviUe;  Wayne 
County,  two  miles  east  of  Richmond,  in  fish  pond  with  decayed  mastodon  bones.  « 

IV.  MICHIGAN 

Several  deposits  have  been  observed  in  Michigan  which  contain  an  abun- 
dance of  molluscan  life.  Some  of  these  deposits  are  referable  to  the  Lake 
Warren,  Lake  Algonquin,  and  Nipissing  Great  Lakes  stages.  Others  are  of 
uncertain  age,  tho  all  are  postglacial  and  pr&-recent. 

1.  Lake  Warren 

Near  Badake,  in  Huron  County,  (section  24)  alternating  beds  of  marsh  and 
marl  deposits  (two  beds  of  each)  have  been  observed.  In  section  32,  close  to 
the  stone  wall,  marsh  deposits  also  occur."  The  deposits  first  mentioned  are 
760  feet  above  tide  or  about  180  feet  above  the  present  level  of  the  lake.  They 
are  referred  by  Lane  to  the  Forest  beach  of  Lake  Warren.  The  spedes  con- 
tained in  the  two  lower  deposits  are  as  follows : 

Spkaerium  simile  (  »  sulcatum)  Valvata  tricanmUa^ 

MMSCidium  secure  Physa  ancillaria 
Pisidium  abditum  "    gyrina 

"     eompressum  Ancylus  spedies 

"     variMle  Flanorbis  antrosus 

"     contorkim  "      campanulalus 

"     coniorktm^  V3X.  "      iefiedus 

"     rolundaium  Galba  obrussa 

"     scuUUatum  Gdba  species^ 

Amnicda  limosa  Zonitoides  arbor  ea 

2.  Lake  Chicago  (TolesUm  Slage) 

Two  miles  west  and  a  little  north  of  Buchanan,  Berrien  County,  is  a  stretch 
of  low  lasid  knovm  as  Bakertown  marsh.  The  marsh  was  previously  a  lake 
about  three  miles  long  and  a  mile  wide,  but  is  now  grown  up  in  marsh  grass 
and  is  practically  dry.  A  ditch  about  a  mile  in  length  drains  the  marsh  and 
exposes  the  strata,  as  noted  below: 

VIIX  Marsh  bog. 16  inches 

VII  Recent  peat 20      " 

"  Gcol.  Surv.  Mich.,  VII,  part  ii,  p.  247. 

**  Evidently  includes  tHcarinata  and  its  varieties.    Walker  says,  "exhibiting  all  stages 
&om  the  unicarinate  to  the  tricarinate  formy—none  ecarinate. " 
**  Lnperf ect  specimens,  lacking  the  spire. 
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VI  Peat  and  drift  wood 10      " 

V  Lake  sUt  (no  shells) 8      " 

IV  Semi-ligneous  peat 12      " 

III  Shells  and  lake  drift 8      " 

II  Blue  day 7      " 

I  Quicksand 7  to  10  feet 


The  thickness  of  the  sedimentary  deposits  above  the  sand  is  81  inches  or 
6  feet  9  inches.  The  quicksand  (stratum  I),  perhaps,  represents  the  period 
of  Lake  Dowagiac  when  the  glacial  waters  drained  into  the  Kankakee  River, 
loaded  with  sediment  (Plate  XL VII,  Fig.  1).  The  clay  (stratum  II)  may  repre- 
sent a  quieter  stage,  after  the  main  drainage  had  shifted  to  the  Chicago  outlet 
(Plate  XL Vn  Fig.  2).  Stratum  III  probably  represents  the  bottom  of  a  larger 
St.  Joseph  River,  for  the  si^ecies  of  naiads  in  this  deposit  are  mostly  of  the  river 
type.  An  arm  of  Lake  Chicago  extended  up  the  St.  Joseph  River  from  Benton 
Harbor  to  about  the  vicinity  of  Berrien  Springs"  and  the  river  drained  into  this 
extension  of  Lake  Chicago. 

The  fluviatile  moUusks  could  have  reached  this  locality  from  two  sources: 
(1),  by  way  of  the  Chicago  outlet,  across  Lake  Chicago  and  up  the  St.  Joseph 
River;  and  (2),  by  way  of  the  Kankakee  River  when  it  was  connected  with 
the  St.  Joseph  and  Dowagiac  rivers  at  South  Bend.  The  mussels  are  mostly  of 
the  river  type  and  their  natural  migration  route  would  be  by  way  of  a  river. 
Just  how  long  after  the  formation  of  Lake  Chicago  the  St.  Joseph-Kankakee 
drainage  persisted  is  not  definitely  known,  but  it  is  believed  to  have  continued 
for  some  time  in  a  more  or  less  modified  form.  The  naiades  represent  a  climate 
fuUy  as  warm  as  the  present  and  they  probably  would  not  invade  the  waterways 
of  an  icy  drainage.  Certain  boreal  types  of  moUusks  could  and  evidently  did 
take  advantage  of  this  waterway  at  an  early  stage.  It  is  possible  that  both 
drainages  were  used  and  the  fauna  may  represent  a  mixture  of  the  two  migra- 
tions. This  stratum  would  seem  to  correlate  with  the  Toleston  stage  of  Lake 
Chicago  and  may  include,  also,  some  deposits  made  during  the  Calumet  Stage. 

The  five  and  a  half  feet  of  silt  and  peat  above  the  shell  deposit  represent 
the  later  stages  of  this  locality  and  indicate  its  change  from  a  river  to  a  lake 
and  finally  to  its  present  itiarsh-bog  character.  Stratimi  IV  indicates  a  period 
of  low  water  between  higher  water — lake  or  river — conditions.  The  MoUusks 
(42  species)  and  other  remains  of  life  in  the  shell  deposit  are  listed  below  :^ 

Lasmigona  campressa  {^pressus)  Pleurocera  devatum 

"        cosUUa  {**rugosa)  Goniobasis  Uvescens 

A  nodonta  grandis  footiana  Valvata  tricarinata 

AnodonUndes  subcylindraceus  Amniccia  Uinosa 
AlasmidofUa  calceola  i^^deltoidea)  "      lustrka 

**  See  Leverett,  Iliinois  Glacial  Lobe,  plate  XV. 
«  Walker,  Nautilus,  XI,  p.  121 ;  XIII,  pp.  34,  55. 
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Euryttia  iris  (^nom-eboraci) 

"      ellipsiformisi^spahdatus) 
Lampsilis  venlricosa 
Spkaerium  simUei »  sulcatum) 

^       siriatitiufH 
Pisidium  near  abdilum 
compressum 
tnedianum 
milium 
pauperculum 
roperi 
ventricosum 
near  vesiculare 
Campdoma  integrum 

"        integrum  obtsum 
**        subsclidum 
Head  of  dipterous  insect 


»f 


f) 


r» 


>i 


» 


»» 


II 


II 


If 


Physa  anciUaria  . 
integra 
heterostropha 
Ancylus  rivularis 
Planorbis  antrosus(^bicarinatus) 

campanulatus 

trivdvis 

defiectus 

parvus 
Galba  obrussa  {^desidiosOf  authors) 

"    kumilis  modiceUa 
Lymnaea  stagnalis  appressa 
Caryckium  exiguum 
Succinea  ovalis 
Strobilops  labyrintkica 
Vitrea  hamnumis  (^radiatula) 
Mammut  americanum 


tt 


f» 


II 


II 


Considerable  drift  wood  was  observed,  but  none  was  identified.  The  shells 
occur  in  little  colonies,  just  as  they  are  found  today.  It  is  probable  that  these 
colonies  represent  localities  where  the  water  had  brot  together  and  deposited  a 
quantity  of  dead  shells,  drift  wood,  and  other  debris,  and  not  colonies  of  living 
mollusks.  The  mastodon  skulls  were  found  in  and  under  the  stratum  of  semi- 
ligneous  peat,  showing  that  these  animals  waded  into  the  river  after  the  shells 
were  deposited.    They  were  probably  caught  in  the  boggy  marsh  and  drowned. 

J.  Lake  Algonquin 

In  Fairhaven  Township,  Huron  County,  in  a  bog  near  the  comer  of  sections 
26  and  27,  sands  occur  which  lie  at  an  elevation  of  a  little  more  than  20  feet 
above  the  lake  level  (60S  feet  above  tide).  On  the  north  side  of  section  34, 
deposits  occur  which  are  thot  to  be  fragments  thrown  up  on  the  beach.  They 
are  somewhat  higher  than  the  deposits  previously  naentioned.  Both  are  re- 
ferred to  the  Lake  Algonquin  stage.  The  moUuscan  i^emains  in  these  deposits 
are  tabulated  below  : 


EUiptio  gihbosus 
Spkaerium  striatinum 
Pisidium  cantortum 
Goniobasis  livescens 
Anmicola  limosa 


Campdoma  species 
Planorbis  campanulatus 

defiectus 

antrosus  {—bicarinalus) 


II 


II 


Extensive  deposits  occur  in  Bay  Coimty  which  contain  much  biotic  mater- 
ial.** Several  of  these  are  referable  to  the  Lake  Algonquin  stage.  "Near  the 
northeast  comer  of  section  33,  near  Monitor,  is  a  depauperized  fauna  in  a  sandy 
loam  deposit  containing  cobble  stones.  The  she  Is  are  well  preserved.  The 
area  was  occupied  by  a  swamp  land  formed  back  of  the  Algonquin  beach  to 


••  Cooper,  Rep.  Sute  Board  Gcol.  Surv.  Mich.,  1905,  p.  353. 
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the  eastward.    The  elevation  is  about  601  feet";  14  species  are  recorded  from 
this  locality. 


MuscuHum  secure 
Pisidium  amiortum 

"     rotundaPum 

"     scuUUahim 

"     variabile 

"     ventricosum 

"     ventricosum  costaium 


GaJba  obrussa(»desidufsa) 

"    jHtlustris 
Physa  eUipUca 
Planorbis  parvus 
"      tHvcivis 
Succinea  relusa 
Valvata  sincera 


Sand  deposits  thot  to  be  of  Algonquin  age  occur  in  a  cut  between  section  24 
and  25,  in  Spaulding  Township,  Saginaw  County.*^  The  following  species  have 
been  identified: 


99 


» 


Unto  species 

Sphaerium  simUe('^  sulcatum) 

Pisidium  compressum 

variabile 

walkeri 
Goniobasis  Uvescens 
Pleurocera  q>ecie8 
AmniccHa  limosa 
Campdoma  integrum 
Physa  species 


Physa  gyrina 

"  dUptica 
Plancrbis  antrosus{ »  hicarinakts) 

campamdakis 

trivoMs 

partus 
Galba  paUtstris 

"   reflexa 
Lymnaea  stagnalis  appressa 
Polygyra  aSbdtabris 


f> 


n 


99 


Some  years  ago,  Mr.  A.  W.  Slocum  collected  a  number  of  moUusks  from 
marl  beds  at  Oden  and  Kegomic,  Enunet  Coimty.  Oden  lies  between  the 
Algonquin  and  Nipissing  beaches,  in  fact  is  really  on  the  Nipissing  beach,  while 
Kegomic  is  on  the  old  lake  floor.  These  marl  deposits  are  reported  as  upwards 
of  sixty  feet  in  thickness,  and  the  deposits,  especially  at  K^omic,  probably 
represent  both  the  Algonquin  and  the  Nipissing  stages.  The  large  lakes,  Burt 
and  Mullet,  as  well  as  the  smaller  lakes,  Crooked,  Pickerel,  etc.,  ar3  relics  of 
the  wide  strait  which,  during  these  lake  stages,  connected  Lake  Huron  with 
Lake  Michigan  and  separated  portions  of  Emmet  and  Cheboygan  counties 
from  the  lower  peninsula,  the  former  territory  then  being  an  island,  with  the 
Straits  of  Mackinac  on  the  north.  The  following  species  of  mollusks  have  been 
identified  from  the  two  localities: 


Oden 


Sphaerium  striatinum 
Pkysa  niagarensis 
PUmarbis  antrosus 

Sphaerium  striatinum 
MuscUlium  secure 


Kegomic 


Planorbis  campanulatus 
GaXba  emarginata  canadensis 
Lymnaea  stagnalis  appressa 

Pisidium  contortum 
Physa  niagarensis 


*'  GeoL  Surv.  Mich.,  VIII,  part  ii,  pp.  97-102.  Mollusks  are  listed  from  several  other 
localities,  but  none  seem  to  be  from  deposits  made  by  the  ice-bound  lakes,  other  than  those 
listed. 
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Pisidium  compressum  Ancykis  paralldus 

"     variabUe  Planorbis  defiedus 
"     adamsiaffine  "      campanulatus 

"     medianum  Galba  galbana 
"     splendididum  "    humUisrusUca 

"     scutdUUum 

Several  deposits  in  Bay  County  (of  doubtful  age)  are  described  by  Cooper.** 
On  the  east  line  of  section  23,  Hampton  Township,  extending  south  from  Nebo- 
bish  Avenue  ahnost  to  the  section  comer,  the  annexed  section  occurs. 

Sand  and  gravel 1(^20  inches 

Bed  of  muck 
Clay 

Shells  are  found  in  all  three  strata.  Cooper  believes  that  the  region  was  a 
swamp  during  Nipissing  or  late  Algonquin  time;  15  species  of  moUusks 
occur. 

EUiptio  gibbosus?  Gcniobasis  livescens 

Sphaerium  fiamm  Physa  gyritia  hiidretkiana 


**      simiU(^sukalum)  Planorbis  antrosus 
Pisidiutn  adamsi  affine  "      trivohis 

"     compressum  Galba  catascopium 
"     variabUe  "    obrussa  decampi 

"     virginicum  Succinea  retusa 
"     irapexoideum 

A  second  locality  is  on  the  north  line  of  section  10,  Merritt  Township,  not 
far  east  of  the  northwest  comer.  In  a  drain  there  was  four  and  a  half  feet  of 
white  sand  at  the  top,  which  was  underlaid  by  a  thin  layer  of  muck  above  the 
day.  The  section  was  not  imlike  that  at  the  preceding  locality.  The  deposit 
of  muck  is  thot  to  represent  late  Algonquin  or  possibly  Nipissing  time,  while 
the  sand  is  believed  to  represent  Nipissing  time.  Life  is  poorly  represented 
here,  Gcniobasis  livescens  being  the  only  animal  seen. 

4.  Nipissing  Great  Lakes 

The  three  deposits  described  below  are  believed  to  have  been  laid  down  dur- 
mg  the  Nipissing  stage  f^ 

(1)  In  a  drain  about  three  feet  deep  on  the  west  line  of  the  northwest  quar- 
ter of  section  7,  T.  13  N,  R.  5  E,  moUusks  were  found  in  a  silt-day,  either  of 
lake  origin  or  deposited  more  recently  by  the  river.  The  elevation  is  about 
587  feet  above  tide.  The  assemblage  of  spedes  suggests  that  the  locality 
was  a  lake  shore  upon  which  the  shells  were  cast  by  the  waves. 

»•  Op.  cU.,  p.  252. 
••  Cooper,  op.  cU. 
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Sphaerium  occidenkUe  Planorhis  trivohis 

Pisidium  compressum  SegmerUina  armigera 

"     scuteUatum  Galba  caperata 
"     variabile  "    humUis  modiceUa 

Vdvata  iricarinata  "    palustris 

Goniobasis  livescens  Succinea  avara 
Anmicola  Utnosa  "      retusa 

"     toalkeri  Vertigo  species 

Pkysa  eUipiica  Zanitaides  nUnusctda 

Planorhis  fnrstUus  Polygyra  numodon 

parous  Bifidaria  pentodon 


ft 


(2)  Ditch,  12-18  inches  deep,  on  the  line  between  sections  9  and  10,  T. 
13  N,  R.  5  E.,  south  of  the  quarter  post.  The  deposit  is  clay  containing  small 
pebbles.  Specimens  were  also  seen  in  the  same  section  farther  east.  During 
the  high  water  of  the  spring  of  1904,  this  region  was  entirely  flooded.  The 
area  is  on  the  border  of  the  prairie  region.  The  following  fauna  was  obtained 
from  this  deposit: 

Sphaerium  simile  Planorhis  antrosus 
Pisidium  adamsi  affine  "      campanulatus 

"     compressum  "      defiectus 

"     medianum  "      esutcuous 

"     sargenii  **      kirsulus 

"     sculaUatum  "      parvus 

"     splendidulum  "      trivohis 

Valvata  tricarinata  Segmentina  armigera 

Goniobasis  livescens  Galba  caperata 
Campdoma  decisa  "  obrussa(^desidiosa) 

Amnicola  limosa  "    refiexa 

**     walkeri  Succinea  retufa 

"     lustrica  Polygyra  monodon 
Pkysa  heterostropha  "      multilineata 

'*  gyrina  hildretkiana 

(3)  Muck  underlying  clay  in  a  ditch  on  the  west  line  of  northwest  quarter 
section  31,  Merritt  Township.  The  elevation  is  586  to  588  feet  above  tide. 
Sixteen  sp)ecies  of  mollusks  have  been  identified. 

Sphaerium  flavum  Pkysa  gyrina  kildretkiana 

"       simile  Planorhis  antrosus 
"       occidentale  "       campanulatus 

Pisidium  compressum  "       defiectus 

"     scuteUatum  "       trivotvis 

Valvata  tricarinata  Galba  reflexa 

Goniobasis  livescens  Lymnaea  stagnalis  appressa 

Campdoma  integra  Succinea  retusa 

Mr.  Frank  B.  Taylor  (in  a  letter)  reports  four  species  from  the  Nipissing 
beach,  in  gravels,  a  little  below  the  top,  at  Cheboygan. 
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LampsUis  luteola  Goniohasis  livescens 

Sphaerium  striatinum  Gaiba  elodes 

5,  Deposits  of  Uncertain  Age 

There  are  a  multitude  of  lakes  in  Michigan  which  contain  ancient  marl  beds 
referable  to  some  one  of  the  lake  stages.  As  these  deposits  cannot  be  correlated 
with  any  of  the  known  beaches  it  is  impossible  to  refer  them  definitely  to  any 
period  of  the  lake  history.  They  are  probably  to  be  classed  as  of  Nipissing 
age,  tho  some  may  be  as  old  as  Algonquin  time,  or  even  older.  Nearly  all  of 
the  shell-bearing  strata  are  covered  with  peat  deposits  of  greater  or  less  thick- 
ness, showing  that  there  has  been  a  shallowing  of  the  water  since  the  formation 
of  the  lakes. 

Russell  and  Leverett'®  describe  a  marl  deposit  beneath  5  feet  of  peat,  in 
swampy  territory  three  miles  south  of  Ann  Arbor,  containing  mollusks,  as 
well  as  a  skull  of  Castor oides.    The  species  of  mollusks  are  indicated  below: 

Valvaia  sincera  Caryckium  exiguum 

"     Ificarinala  Succinea  avara 
"     tricarinata  confusa  **      retusa 

Physa  ancillaria  Strobihps  affinis 

"    ifUegra  Pclygyra  monodon 

"    gyrina  kUdretkiana  Hdicadiscus  paraUdus 

"    dlipHca  Pyramidtda  cronkhitei  anlhtmyi 

Planorbis  campanuhius  Zonikndes  arborea 
"        kirsutus  "       minuscfUa 

"        exacuous  Euconulus  fidvus 
"        parvus  "        chef  sinus  pdygyratus 

Galba  obrussa  decampi  Vitrea  hammonis 

The  absence  of  pelecypods  and  the  presence  of  so  many  land  mollusks 
(nearly  SO  per  cent)  is  noteworthy.  The  deposit  was  either  formed  in  shallow 
water  or  near  the  shore.  It  is  extremely  difficult  to  correlate  the  age  of  these 
deposits  with  that  of  any  of  the  lake  stages.  The  swamp  is  from  820  to  826 
feet  above  the  sea,  which  is  several  feet  above  the  highest  beaches  of  the  ancient 
lakes.  The  life  may  have  been  contemporaneous  with  Lake  Warren,  possibly 
correlative  in  time  with  the  formation  of  the  Forest  beach. 

The  presence  of  extinct  mammals  in  the  same  deposits  is  evidence  of  their 
comparative  antiquity.  Bones  of  the  mastodon  as  well  as  of  Castoroides  have 
been  obtained  and  are  preserved  in  the  museum  of  the  University  of  Michigan. 
Several  molar  teeth  of  Castoroides  were  also  found  between  the  Ann  Arbor  Rail- 
road and  Packard  Street,  in  meadow  land.  This  same  swamp  (but  in  later 
deposits)  has  yielded  the  bones  of  the  elk,  deer,  and  other  vertebrates,  and  we 
may  well  conceive  that  in  former  times  these  and  other  animals  frequented 
this  region  and  became  mired  in  the  swampy  portions  of  the  lake. 

••  Ann  Arbor  FoUo,  p.  9. 
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The  multitude  of  lakes  which  dot  the  surface  of  Berrien,  Cass,  and  Van 
Buren  counties,  especially  in  the  swampy  area  near  the  Dowagiac  and  St 
Joseph  rivers,  nearly  all  have  marl  deposits  correlative  with  the  later  stages  of 
Great  Lake  history.  Some  of  these  may  date  from  the  glacial  Lake  Dowagiac 
which  had  its  outlet  thru  the  Kankakee  Valley,  while  others  are  relics  of  the 
early  stages  of  Lake  Chicago  when  an  arm  extended  into  Michigan  and  up  the 
valleys  of  the  Pawpaw  and  Black  rivers  (Plate  XLVH,  figs.  1, 2). 

In  the  northwestern  part  of  Cass  County,  and  also  partly  in  Van  Buren 
County,  is  a  lake  of  considerable  size  known  as  Magician  Lake.  This  body  of 
water  empties  into  the  Dowagiac  River  thru  Dowagiac  Creek.  Swanky  tracts 
and  old  shore  lines  indicate  that  this  lake  was  once  considerably  larger  and 
deeper.  On  the  north  shore,  near  the  summer  resort  and  about  midway  of  the 
lake,  is  an  old  embayment  which  is  a  swampy  terrace  about  two  feet  above  the 
water  line.  The  upper  three  feet  are  peaty  and  boggy;  beneath  this  stratum 
is  a  marl  bed  of  unknown  depth,  which  is  filled  with  moUusks  of  the  species 
indicated  below  : 

UniOf  fragments  Physa  walkeri 
Spkaerium  similei'^ sulcatum)  **  gyrina 

Pisidium  compressum  Planorbis  anirosus 

"       variabile  "        anirosus  a$tgistomu^ 

"       runeboraceme  **        partus 

"        splendidulum  "        deJIeOus 

"        adamsiaffine  '*        kirsukts 

Valvata  ificarinakfl^  Planorbis  exacueus 

Amnicda  limosa  Galba  palustris 


"       lustrica  "    gaUnma 

Pdudestrina  nickUniana  "    obrussa  decampi 

Pkysa  niagaremis  **    obntssa  exigua 

"  anciUaria  Lymnaea  siagnalis  appressa 

Of  the  above  25  species  and  varieties,  5  species  make  up  about  90  per  cent 
of  the  bulk  of  the  material.  These  species  are  indicated  in  the  order  of  their 
abundance. 

Valvata  tricarinala 
Planorbis  parvus 
Amnicola  lustrica 
Paludestrina  nickliniana 
Galba  obrussa  decampi 

Lymnaea  stagndis  appressa^  Galba  galbana,  and  Physa  walkeri  do  not  live 
in  the  lake  at  the  present  time.  This  fauna  may  have  migrated  up  the  St. 
Joseph  River  to  the  Dowagiac  River  and  then  up  Dowagiac  Creek. 

In  the  northeastern  part  of  Berrien  County,  near  the  VanBuren  County 
line,  is  another  lake  of  about  the  same  area  as  that  of  Magician  Lake.    This 

^  Central  carina  almost  abaent  in  som^  q[>ecimens« 
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body  of  water  drains  into  the  St  Joseph  River,  thru  Pipestone  Creek.  Marl 
beds  similar  to  those  of  Magidan  Lake  occur  in  Pipestone  Lake,  from  which 
the  moUusks  noted  below  have  been  obtained: 

Sphaerium  simile{ » sulcatum)  Planarbis  irivolvis 

**        striaUnum  "        antrosus 

Pisidium  compressum  "        antrosus  angisiomus 

"       variabile  "        (uUrosus  striatus 

"        spUndidvOum  "        campanulatus 

ViAvata  tricarinata  '*        defieOus 

Amnicola  Utnosa  parva  "       htrsidus 

**       lustrica  "        parvus.    Many  monstrosdties 

Physa  niagareusis  Galba  obrussa  decampi 

**  heterostropka  "  obrussa  exigua 

Lymnaea  stagnaUs  appressa 

These  mollusks  evidently  migrated  to  Pipestone  Lake  either  by  way  of  the 
Chicago  outlet,  the  St  Joseph  River,  and  Pipestone  Creek,  or  up  the  Kankakee 
and  St  Josq>h  rivers.  It  is  probable  that  both  routes  contributed  to  the  faunas 
of  these  lakes. 

Galba  bakeri  has  been  described  by  Walker  from  a  marl  deposit  in  the  bottom 
of  Pine  Lake,  near  Charlevoix.® 

6.  VerkbraU  Animals 

A  number  of  vertebrates  have  been  reported  from  the  postglacial  deposits 
of  Michigan.  A  few  of  these  have  been  noted  in  the  preceding  pages.  Addi- 
tional records  are  listed  below.  Lane  cites  the  presence  of  both  mammoth  and 
mastodon.^ 

Mammoth.  Grand  Ledge,  Eaton  County,  one  foot  from  surface  in  a  low 
swale  once  a  duck  pond;  Pere  Marquette  shaft,  no.  2,  East  Saginaw,  Saginaw 
County,  25  feet  above  the  lake,  2 J^  feet  below  the  surface. 

Mastodon.  Eau  Claire,  Berrien  County,  in  ditch;  Lenawee  County  and 
Shiawassee  River,  in  Howell  Township,  found  while  dredging  river;  Hillsdale, 
Hillsdale  County ,in  swamp ;Clinton,  Lenawee  County;  Olivet,  Eaton  Coimty; 
Williams  Township,  Bay  County,  in  deep  hole  of  mucky  soil,  3  feet  below  the 
surface;  Parr,  Midland  (or  Allegan)  County. 

Many  years  ago,  Winchell^  Usted  the  following  records  of  the  mastodon: 

Seven  miles  from  Adrian,  Lenawee  County,  two  feet  below  the  surface,  in 
a  peaty  bog.  A  section  of  the  bog  showed  peat  2 J^  feet,  marly  clay  4  feet, 
loose  sand  at  bottom.  The  balance  of  the  records  are  without  specific  data 
as  to  stratigraphic  location.  Petersburg,  Monroe  County;  Utica,  Macomb 
County;  Green  Oak,  Livingston  County;  Fentonville,  Oakland  County;  Terre 

«  Nautflus,  XXn,  p.  18, 1908. 

"  Rep.  State  Board  Geol.  Surv.  Mich.,  1901,  pp.  252-253. 

•*  Amer.  Joum.  Sd.,  (ii),  XXXVIH,  pp.  223-224, 18(J4. 
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Coupe,  Berrien  County  (buried  six  feet  beneath  the  surface).**  Elephas  jacksani 
{ssEr  columbi)  is  reported  as  being  found  with  antlers  of  the  elk  and  deer. 

Additional  proboscidian  records  are  given  by  Wood***  as  follows: 

Elephas  columbi.    Jackson  County. 

Elephas  printigemus.    Jackson,  Van  Buren,  Macomb,  and  Clinton  counties. 

Mammut  americanum.  Wayne,  Van  Buren,  Eaton,  Muskegon,  Montcalm, 
Gratiot,  Saginaw,  Jackson  and  Shiawassee  counties. 

Castoroides  ohioensis  is  reported  from  Lenawee  and  Lapeer  counties,  and 
also  from  two  other  recently  known  localities,*  near  Owosso,  Shiawassee 
County,  and  in  a  tamarack  swamp  in  Pittsfield  Township,  Washtenaw  County, 
lying  on  a  bed  of  gravelly  marl,  beneath  three  feet  of  peaty  soil.  Platygonus 
compressus  has  been  reported***  from  Belding,  Kent  County,  in  a  peat  bog. 
Five  individuals  were  found. 

Bootherium  sargerUi  is  reported  by  Gidley*^  from  Moorland  swamp,  on  the 
Charles  McKay  farm,  near  Grand  Rapids,  in  postglacial  deposits.  Case*'' 
records  a  nearly  complete  skull  of  Symbos  camfronsy  found  on  the  farm  of 
Wm.  J.  Schlicht,  about  three  miles  northwest  of  Manchester.  It  lay  in  a  bed 
of  clay  four  feet  below  the  level  of  the  rather  swampy  surface  and  was  covered 
by  black  muck  fiUed  with  plant  remains,  a  thin  stratum  of  fine  gravel  separating 
the  two  layers. 

v.    OHIO 

i.  Inverte^aU  Life 

No  data  are  at  hand  bearing  on  the  lacustrine  or  fluviatile  life  of  Ohio  that 
is  referable  to  any  of  the  Great  Lakes  stages.  The  beaches  along  Lake  Erie, 
especially  in  the  old  Fort  Wa)aie  outlet,**  should  yield  good  results  when  care- 
fully examined,  la  the  Geology  of  Ohio,  Volmne  I  pages  48S-489,  Read  men- 
tions a  swamp  behind  an  old  lake  beach  at  Ashtabula,  Ashtabula  County, 
which  should  contain  the  remains  of  lacustrine  life. 

Sterki*^  lists  a  number  of  mollusks  from  a  sandy  deposit  (perhaps  loess) 
four  miles  east  of  Defiance,  on  the  north  bank  of  the  Maumee  River,  at  the 
State  dam.    Nearly  all  are  pulmonates. 

GasirodofUa  ligera  Polygyra  fraudulenta 

Zonitoides  arborea  "       infiecta 

"       laeviscida  "       kirsula 

•  Lapham,  Proc.  Bost.  Soc.  Nat.  Hist.,  V,  133,  1855.      , 
••  Wood,  Occ.  Papers,  Univ.  of  Mich.,  No.  4,  p.  13. 

*  Wood,  Science,  N.  S.,  XXXIX,  p.  759,  1914. 
•^  Wagner,  Joum.  Geol.,  XI,  p.  777,  1903. 

"  Proc.  U.  S.  Nat.  Mus.,  XXXIV,  pp.  681-684. 

w»  Occas.  Papers,  Zool.  Mus.,  Univ.  Mich.,  No.  13,  pp.  1-3, 1915. 

••  See  Leverett,  Monograph  XLI,  U.  S.  Geol.  Surv. 

••  Proc.  Ohio  State  Acad.  Sd.,  IV,  p.  402. 


POSTGLACIAL  BIOTA  OF  THE  GREAT  LAKES  REGION  143 

Vitrea  kammonis(^radiaiula)  Pyramidula  soUtaria 
"    indentata  "       alUrtuUa 

Circinaria  concava  "       cronkkiiei  arUhonyi 

Polygyra  profunda  Bifidaria  corUracia 

**       muliilineata  Succinea  avara 
"       albolabris  "       retusa,  var. 

"       zalda  Physa  species  (broken) 

"       clausa  PomaUopsis  lapidaria 

"       miichdiana  Pisidium  compressum 

"         tkyroides  Pisidium  JaUax 

"       eUwUa  Unto,  fragments 

From  Holmes  County,  Claypole^®  has  recorded  the  presence  of  a  fauna  which 
is  probably  post-Wisconsin.  The  locality  is  near  Millersburg,  which  is  near 
the  edge  of  the  Wisconsin  drift.  The  deposit  was  found  in  a  ditch  in  a  swamp. 
Six  feet  of  peat  covered  a  bed  of  shell  marl,  in  or  on  which  a  Megalonyx  skeleton 
was  lying.  The  animal  died,  it  is  evident,  after  the  marl  had  been  formed. 
The  upper  layers  of  the  marl  contain  the  following  species  of  mollusks: 

Valvala  tricarinaia  Planorhis  parvus 

Amnicola  limosa  Spkaerium  simile 

"       limosa  poraia  Pisidium  virginicum 

By  far  the  most  complete  postglacial  faima  yet  described  from  marl  deposits 
is  listed  by  Sterki  from  two  localities  in  northern  Ohio.  "One  locaUty  is  in 
Erie  County,  a  few  miles  east  of  Sandusky  Bay  and  a  few  miles  west  of  Castalia, 
and  appears  to  be  of  comparatively  recent  date,  the  marl  beds  possibly  still 
forming  at  some  places.  The  other  loddity  is  in  the  northeast  corner  of  Sum- 
mit County,  where  it  was  e]qx>sed  by  the  dredging  of  Tinker's  Creek.  It 
appears  to  be  covered,  at  least  in  part,  by  several  feet  of  sand  and  gravel.  It 
is  very  rich  in  fossils  but  its  fauna  is  radicllay  different  from  that  of  the  Cas- 
talia locality. "  It  has  not  been  possible  to  correlate  these  deposits  with  any 
of  the  stages  of  the  Glacial  lakes. 

In  the  Castalia  beds  there  are  75  species  and  races,  50  of  which  are  land 
species  and  25  are  fluviatile  species,  or  66  per  cent  land  species.  In  the  Tinker's 
Creek  famia  there  are  but  8  land  species  and  upwards  of  45  fluviatile  spedes, 
or  only  15  per  cent  land  species.  Of  the  fluviatile  species,  only  10  are  common 
to  both  localities  and  but  one,  Planorhis  parvus,  is  abimdant  in  both.  The 
presence  of  Acella  haldemani  and  Lymnaea  stagnalis  appressa  in  the  deposit 
at  Tinker's  Creek  is  especially  noteworthy,  both  being  rare  in  Ohio.  The  lists 
of  species  from  these  localities  with  notes,  prepared  by  Dr.  Sterki,  are  given 
below: 

FossQ    mollusks    from    Castalia    marls  Zonitoides  minuscula,  common  to  abundant. 

Erie  County  VUrea  hammonis,  common. 

Gastrodonta  ligera,  rather  scarce.  Vitrea  wheaOeyi,  a  few. 

Zoniioides  arborea,  frequent.  Vitrea  rhoadsi,  one  not  full  grown. 

'•  Amcr.  Geol.,  VII,  pp.  122-132, 149-153. 
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Vitrea  indenUUa,  common. 

Euconulus  ftdvuSf  frequent 

Euamidus  chersinus,  scarce. 

Euconulus  sterkiif  scarce. 

Agridimax  campesiris,  some  shell  plates. 

Limacid,  species  indet.    One  shell  plate,  5 
mm.  long,  3.5  mm.  broad,  rather  thick. 

Circinaria  c&ncava,  rather  frequent. 

HeUcodiscus  Uneatus,  conmion. 

Pyramidula  solUariaf  scarce. 

Pyramidula  aUemata,  rather  scarce. 

Pyramidula  perspectiva,  very  scarce. 

Pyramidula  cronkhUei  anthanyi,  very  scarce. 

Punctum  pygmaumf  rather  scarce. 

Spkyradium  edentidum,  very  scarce. 

Polygyra  profunda,  common,  large. 

Polygyra  mulHlineatay  abundant,  one  speci- 
men reversed. 

Polygyra  albolabris,  scarce. 

Polygyra  thyroides,  common. 

Polygyra  pennsylvanica,  but  one  specimen 
found. 

Polygyra  paOiata,  scarce. 

Polygyra  Iridentala,  rather  scarce. 

Polygyra  fraudulenUif  common. 

Polygyra  monodon,  abundant. 

Polygyra  hirsuta,  frequent. 

Sfrobilops  lobyrinikicus,  rather  scarce. 

Strobilops  affims,  abundant. 

VaUonia  pukheUa,  frequent,  of  fresh  appear- 
ance, not  chalky. 

Pupoides    marginalus,    common,    of    fresh 
appearance,  not  chalky. 

Gastrocopta  armifera,   typical   form   rather 
scarce. 

Gastrocopta  contractOf  common. 

Gastrocopta  pentodon,  scarce. 

Gastrocopta  tappaniana,  abundant,  mostly  of 
a  small,  oval  form. 

Gastrocopta  corticaria,  veiy  scarce. 

Vertigo  ovata,  rather  frequent 

Vertigo  morsei,  common. 

Vertigo  elalior,  common. 

Vertigo  tridenlata,  very  scarce. 

Vertigo  milium,  very  scarce. 

Succinea  ovaUs,  rather  frequent. 

Succinea  retusa,  rather  frequent,  different 
forms. 

Succinea  avara,  rather  frequent,  shells  fresh, 
not  chalky. 


Succinea  avara?,  form  with  long,  slender 

spire,  apparently  distinct;  8-10  mm.  long, 

4+ whorls. 
Coryckium  exiguum,  abundant 
Caryckium  exile,  rather  scarce. 
Galba  reflexa,  conmion,  variable. 
Galba  nashotahensis^  frequent 
Golba  humilis  modicdla,  rather  common. 
GoJba  humilis  rustica,  frequent 
Galba  panfa^  not  conmion. 
Gdha  dalH,  common. 
Galba  caperata,  rather  common. 
Planorbis  trivolvis,  abundant. 
Planorbis   umbUicatellus,    two,    small    and 

probably  immature. 
Planorbis  parvus,  conunon,  rather  small  with 

narrow  whorls. 
Planorbis  crista  cristaHu,  scarce. 
Segmentina  armigera,  common. 
Ancylus,  several  species  not  yet  identified. 
Gundlachia  species,  one  specimen. 
Pkysa  gyrina,  common  and  \rariabie. 
Pkysa  integra,  rather  scarce. 
Physa  heterostropha? ,  small  with  short  spire; 

frequent. 
Pkysa  aplectoides,  scarce. 
Aplexa  hypnorum,  rather  scarce. 
Goniobasis  livescens,  common. 
Pomatiopsis  lapidaria,  fairly  common. 
Pisidium  abditum,  frequent. 
Pisidium  pauperculum,  scarce. 
Pisidium  medianum,  very  scarce. 
Pisidium    rotundatum,    verv    scarce    (one 

valve). 
Not  a  trace  of  Unionidae  observed. 

Fossil  moilusks  from  Tinker's  Creek  marls. 
Summit  Coimty,  Ohio 

Zonitoides  arborea,  very  scarce. 
Vitrea  indentata,  very  scarce. 
Pyramidula    cronkhitei    anlhonyi,    very 
scarce. 

Polygyra  profunda,  one  specimen. 
Succinea  ovalis,  very  scarce. 
Succinea  retusa,  very  scarce. 
Succinea  avara,  very  scarce. 
Caryckium  exiguum,  very  scarce. 
Lymnaea  stagnaHs  appressa,  rather  scarce. 
Acella  kaldemani,  scarce,  a  few  fragments 
only. 
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Pseudosuccinea  cch^mella,  scarce. 

Calba  kumilis  modiceUa,  rather  frequent. 

Galba  kumUis  rustica{?),  rather  scarce. 

Gaiba  obrussa  decampiy  common. 

Planorhis  campamdatus,  not  common. 

Platnorbis  binneyi,  very  scarce. 

Planorhis  atUrosus,  common. 

Planorhis  exacuous,  frequent. 

Planorhis  rubellus,  rather  scarce. 

Planorhis  crista  crisUUuSy  scarce. 

Planorhis  parvus,  common,  rather  variable. 

Planorhis  aUms  (^'kirsiUus),  common. 

Ancylus  paraUdus. 

Ancylus  ktrUandi. 

Gundlackia  sp>ecies,  first  stage,  one  specimen 

Physa  gyrina,  rather  scarce. 

Physa  iniegra,  scarce. 

Pkysa  heterostropha  (?),  scarce. 

Physa  sayii,  large,  rather  frequent. 

Amnicola  Hmosa,  common. 

Amnicoia  lustrica,  common. 

Amnicola  emarginata,  scarce. 

Valvata  tricarinata,  common. 


Valvata  sincera(?). 

Sphaerium  sulcatum,  rather  frequent. 

Sphaerium  striatinum,  form. 

Sphaerium  solidulum,  scarce. 

Sphaerium  rhomboideum,  very  scarce. 

Musculium  truncaium,  rather  frequent. 

MuscuUum  secure,  scarce. 

Musculium  rosaceum,  scarce. 

Pisidium  compressum,  common. 

Pisidium  fallax,  scarce. 

Pisidium  variabile,  frequent. 

Pisidium  adamsi  affine,  rather  scarce,  juve- 
nile to  adult  represented. 

Pisidium  abditum,  rather  scarce. 

Pisidium  pauperculum,  abundant. 

Pisidium  walkeri,  scarce. 

Pisidium  scukUatum,  scarce. 

Pisidium  ohioense,  scarce. 

Pisidium  splendidulum,  frequent. 

Pisidium  rohtndalum,  scarce. 

Pisidium  medianum,  frequent. 

F^^agments  of  Unionidae  only  in  a  thin  top 
layer  which  may  be  of  later  origin. 


2.  Vertebrate  Life 

Hay^  refers  the  deposit  in  Holmes  County  containing  the  Megalonyx 
skeleton  to  post-Wisconsin  time,  with  the  following  note:  "The  terminal 
moraine  of  the  Wisconsin  drift  sheet  runs  through  the  county  in  an  east  by 
northeast  direction,  and  this  had  led  to  the  formation  of  a  small  lake  north  of 
it,  which  finally  became  a  swamp  filled  up  with  peat.  By  some  means  the 
Megalonyx  had  left  his  remains  in  the  lake  after  the  formation  of  the  shell  marl 
and  before  the  growth  of  the  peat.  It  is  evident  that  this  sloth  existed  after 
the  retirement  of  the  Wisconsin  drift-sheet  and  long  enough  after  it  for  the 
dimate  to  become  sufficiently  warm  to  permit  this  animal  to  wander  into 
Ohio. "  Dr.  Hay  also  cites  Megalonyx  from  Norwalk,  Huron  County,  estab- 
lishing beyond  doubt  the  occurrence  of  this  giant  sloth  after  the  retreat  of  the 
Wisconsin  ice  sheet.'^ 

Mastodon  remains  have  been  reported  from  various  parts  of  Ohio.  Those 
referable  to  post-Wisconsin  time  are  listed  below. 

Bucyrus,  Crawford  County,  in  swamp,  embedded  in  muck  and  marl.'* 
Clay  Township,  2J^  miles  east  of  St.  Johns,  Auglaize  County,  in  swamp,  under 
3  feet  of  black  muck  and  5  feet  of  marly  day;^*  Springfield,  Lucas  County,  in 

"  36th  An.  Rep.,  Dept.  Geol.  Nat.  Res.  Ind.,  p.  558.    See  foot-note  70. 
»  Science,  XXXIX,  p.  84^,  1914. 
»  Winchell,  Geol.  Ohio,  11,  p.  247. 
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marsh;'*  German  Township,  Montgomery  County;'^  Ohio  City,  VanWert 
County,  in  alluvium  on  blue  marl;'*  Deerfield  Township,  Ross  County,  in 
alluvium  of  a  brook;  Crawford  County,  in  calcareous  swamp  diluvium;  San- 
dusky, Erie  County,  in  recent  bog  of  muck;  Massilon,  Stark  County,  on  Ohio 
canal,  in  quagmire  less  than  two  acres  in  extent,  the  tusks  and  bones  resting 
on  gravel  and  pebbles  and  covered  by  three  feet  of  peat;  Cincinnati,  in  valley 
drift;  Preb'e  County. 

Klippart  adds  the  following  records:"  Medina  County,  in  marl  pit;  Cleve- 
land, Cuyahoga  County;  McArthur,  Hardin  County;  Woodstock,  Champaign 
County;  New  Holland,  Fayette  County;  between  Madison  and  Pickaway 
counties. 

A  mammoth  (Elephas  columbi)  has  been  reported  from  near  Montville, 
Geauga  County:  "the  remains  were  obtained  from  a  small  marsh,  which  had 
apparently  been  an  open  pond  with  a  clay  bottom,  and  which  had  been  slowly 
filled  from  the  growth  of  swamp  vegetation;  the  remains  being  obtained  from 
the  clay  at  the  bottom  of  the  marsh.*''*  Near  Circleville,  Pickaway  County, 
the  bones  of  both  the  mammoth  and  the  mastodon  have  been  found."  . 

Castoroides  okioensis  is  reported  from  Nashport,  Muskingham  County,*^ 
in  valley  drift  and  swamp  mud;  from  near  Greenville,  Darke  County,  four  feet 
below  the  surface  in  a  swampy  locality;*^  and  from  Preble  County,  with 
mastodon." 

The  remains  of  PUUygonus  compressus  have  been  discovered  in  great  abund- 
ance in  Cleveland."  They  were  found  embedded  in  a  calcareous  clay,  inter- 
mingled with  calcareous  sand,  on  the  bank  of  the  Olentangy  River.  Evidence 
of  the  presence  of  six  small  individuals  was  obtained  at  a  depth  of  8  feet  below 
the  surface,  and  six  larger  individuals  were  discovered  4  feet  deeper.  Symbos 
camfrons  has  been  reported  from  TrxmibuU  County"  and  Mylohyus  nasutus 
from  Columbiana  County."* 

"  Gcol.  Ohio,  I,  p.  536. 

n  G«ol.  Surv.  Ohio,  4th.  Series,  Bull.  16,  p.  103. 

*"  Whittlesey,  Amer.  Joum.  Sd.,  V,  p.  215, 1848.    All  that  follow  are  from  this  refexence 
Several  records,  especially  those  from  valley  drift,  may  belong  to  older  formations. 
'*  Gn.  Quart  Joum.  Sci.,  11,  p.  153. 
wGeol.Ohio,I,'p.526. 

'» Atwater,  Amer.  Joum.  Sd.,  (i),  II,  pp.  245-246, 1820. 
••  Whittlesey,  Amer.  Joum.  Sd.,  (ii),  V,  p.  215, 1848. 
•1  Langdon,  Joum.  Cin.  Soc.  Nat.  Hist.,  VI,  pp.  238-239. 
w  Moore,  /.c,  XIII,  pp.  138-139. 
■*  Klippart,  Cin.  Quart  Joum.  Sci.,  II,  pp.  1-6, 1875 
••  Lddy,  Smith.  Contr.  Knowl.,  V,  Art  3,  p.  16. 
•^  Hay,  Iowa  Geol.  Surv.,  XXIII,  p.  226. 
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VI.    PENNSYLVANIA 

Records  of  life  from  the  glaciated  portion  of  Pennsylvania  are  apparently 
rare.  White,**  many  years  ago,  recorded  a  marl  bed  under  2-3  feet  of  peat  in 
Erie  County.  The  deposit  is  now  one  and  a  half  miles  from  Conneaut  Lake 
and  it  is  thought  at  one  time  to  have  formed  a  part  of  this  lake.  The  marl  bed 
is  over  22  feet  thick  and  of  wide  extent,  60  acres  being  known  in  one  place. 
The  peat  bog  is  25  feet  above  the  level  of  the  present  lake.  A  second  bed  of 
peat  is  reported  under  the  marl  bed.  Eight  species  of  mollusks  were  found  in 
the  marl. 

Sphaerium  striaiinum  Planorbis  anirosus  (-bicarinatus) 

AtinUcola  limosa  Planorbis  trivolns 

GMa  kmmUs  \ynodiceUa]  Planorbis  campanulaius 

Pkysa  keUrostfopha  Planorbis  parwus 

Van  Rensaelaer^  records  the  mammoth  from  Beaverdam,  Erie  County. 
It  was  foimd  near  the  border  of  a  small  rivulet  about  600  feet  above  Lake  Erie, 
and  not  far  from  the  lake.  ^ 

VII.    NEW  YORK 

Records  of  the  life  of  the  ancient  glacial  lakes  are  exceedingly  rare  from 
this  state.  This  paucity  of  knowledge  is  due  doubtless  to  lack  of  observation 
rather  than  to  absence  of  material.  Mollusks  (Unios)  and  wood  have  been 
reported  &om  the  Ridge  Road  bordering  the  south  shore  of  Lake  Ontario, 
which  marks  the  shore  of  glacial  Lake  Iroquois  (Algonquin  stage).*  No 
authentic  lists  of  species  from  this  beach  have  been  seen.  Eaton,  many  years 
ago,  reported  on  the  strata  in  the  Erie  canal,  and  mentioned  the  presence  of 
OTganic  remains  in  day  deposits.^  Picea  canadensis  is  mentioned  and  reference 
is  made  to  "immense  quantities  of  fresh-water  shells. "  A  list  of  the  MoUusca 
is  given,  the  identifications  being  made  from  Sowerby's  Manual.  Just  what 
species  were  really  represented  it  would  be  difficult  to  say  with  certainty. 

Planorbis  obiusa  Bulla  rivalis 

"        alba  Limnea  longiscata 
"        paludosa  "      minima 

"        annulata 

It  seems  evident  that  much  material  of  great  value  was  collected  from  the 
Erie  canal,  and  it  is  a  pity  that  some  American  conchologist,  like  Say,  could 
not  have  reported  upon  the  species  represented. 

•  Second  Geol.  Surv.  Pcnn.,  1879,  QQQQ»  PP-  4^-41, 1881. 
••  Amer.  Joum.  Sd.,  (i),  XIV,  pp.  31-33. 

•  Hall,  Gcol.  of  New  York,  part  IV;  BcU,  Can.  Geol.,  VI,  p.  41. 
«  Amer.  Joum.  Sd.,  (i),  XXI,  pp.  138, 200;  Xn,  pp.  17-20. 
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/.  Algonquin  Stage  {Lake  Iroquois) 

The  post-Pliocene  shells  of  Goat  Island,  Niagara  River,  have  been  known 
for  many  years,  but  their  relation  to  the  ancient  glacial  lakes  has  but  recently 
been  recognized.^  The  deposits  in  which  the  shells  are  found  were  laid  down 
during  the  Algonquin  stage,  about  the  time  that  Lake  Iroquois  was  at  its  high- 
est level.  The  Niagara  River  then  connected  a  diminished  Lake  Erie  with 
Lake  Iroquois.  The  deposits  consist  for  the  most  part  of  coarse,  subangular 
fragments  of  rock,  gravel,  and  some  sand.  Its  depositional  character  shows 
that  it  was  laid  down  in  rapidly  flowing  water,  where  the  current  was  too  swift 
for  stratification.  The  shells  are  usually  found  in  cross-bedded  strata,  showing 
that  they  were  placed  in  these  deposits  by  the  currents  which  moved  the  sand 
and  gravel.  Many  of  these  deposits  probably  represent  dead  and  loose  shells 
which  were  picked  up  and  moved  along,  but  in  a  few  instances  they  are  found 
in  situ  (as  at  Prospect  Park)  indicating  that  they  lived  on  the  spot  where  they 
were  buried. ••  MoUiisks  have  been  found  at  Goat  Island,  Prospect  Park, 
Whirlpool,  and  Muddy  Creek  on  the  American  side;  and  at  Queen  Victoria 
Park,  Whirlpool,  and  Foster's  Flats  on  the  Canadian  side.  The  comparative 
distribution  is  expressed  in  the  table  shown  on  page  149. 

Similar  material,  consisting  of  large  numbers  of  Unio  shells  in  a  soft  and 
fragile  condition,  was  recently  found  in  the  city  of  Niagara  Falls,  in  an  excava- 
tion in  Falls  Street,  about  100  feet  east  of  Prospect  Street,  at  a  depth  of  9  to 
10  feet.»« 

Of  the  species  listed  by  Letson  all  but  two  are  now  living  in  western  New 
York,  in  the  Niagara  River,  or  in  lakes  Erie  and  Ontario.  Fusconaja  solida 
is  a  Mississippi  River  species,  not  now  living  in  the  St  Lawrence  drainage.*^ 
Pleurobema  cocicneum  appears  to  be  referable  to  the  form  called  magnalacustriSy 
which  is  not  uncommon  in  the  Niagara  River.  Amnicola  letsoni  was  at  first 
described  as  an  extinct  species,  but  has  since  been  found  recently  washed  up 
on  the  shore  of  Lake  Erie  in  Monroe  County,  Michigan,  and  from  the  drift  of 
the .  Raisin  River  at  Dundee,  Michigan.  Goniohasis  Uvescens  niagarensis 
differs  from  the  variety  as  found  elsewhere  in  the  persistence  of  the  peripheral 
keel  in  the  adult  stage. 

Just  what  relation  this  fauna  may  bear  to  the  smaller  Lake  Tonawanda,** 
which  extended  eastward  up  the  valley  of  Tonawanda  Creek  for  about  fifty 
miles,  is  not  known;  there  seems  to  be  no  reason  why  a  lake  fauna,  such  as  the 

"Letson,  Bull.  Buff.  Soc.  Nat.  Sd.,  VII,  pp.  238-252;  Kindle  and  Taylor,  Niagara 
Folio,  No.  190,  U.  S.  G.  S.,  pp.  14, 19;  Geol.  Surv.  Canada,  Guide  Book  No.  4,  p.  41. 

••  See  Grabau,  Bull.  Buff.  Soc.  Nat.  Sd.,  Vn,  pp.  61-68. 

*^  Niagara  Folio,  p.  14. 

*^  In  Miss  Letson's  list  this  ^>ede8  is  given  as  occuring  in  the  ^Hagara  River.  The  writer 
knows  of  no  record  from  the  St.  Lawrence  drainage. 

«  Kindle  and  Taylor,  Niagara  Folio,  p.  19. 
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one  in  the  Niagara  gravels,  should  not  have  lived  in  this  lake,  which  presented 
a  favorable  environment. 


List  of  Spedes 

Goat 
Island 

Pros- 
pect 
Park 

Queen 
Vic- 
toria 
Pk. 

Mud- 
dy 
Creek 

Whirl- 
pool 

(Amcr- 
icah) 

Whirl- 
pool 
(Cana- 
dian) 

Fos- 
ter's 
Flats 

Fusconaja  scUda 

z 
z 
z 

Pletirchema  coccineum  (magnalacustris?) 

z 

X 

z 
z 

z 
z 

z 

z 

z 
z 

X 

ESipHo  pihostis 

X 

AlasmidofUa  marginata 

"          calceoh 

Eurynia  eUipsiformis 

z 

"     recta. 

z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 
z 

Spkaerium  striaUnum 

z 
z 

z 

z 

X 

"        stamineum 

z 

torsum  (vide  5terki) 

Pisidium  virginicum 

"       compressum. 

"       abdiktm 

"       uUroritumUmum 

"       scutaUalum 

Campdoma  decisum 

X 

Valvata  iricafinata. 

z 

"      sincera 

■ 

Ammcola  letsom 

"       Hmosa 

z 

"         emarrinata  ("ohiusa) 

Pomahopsis  lapidaria 

z 

z 

Pleurocera  subidare 

z 

z 
z 

z 

X 

z 
z 
z 
z 
z 

Gomobasis  Uvescens 

z 

z 

z 

z 

z 

"         Uvescens  niagarensis 

"         kaldefnani 

Pkysa  keterostropha 

z 

z 

Planofbis  anirasus  (^bicarinakis) 

z 

"       parvus 

z 

Pseudosuccinea  columella 

Galba  obrussa  {^desidiosa) 

z 
z 

z 

"     catascopium , 

z 

Deposits  referable  to  the  Iroquois  stage*  (which  is  thot  by  Goldthwait  to 
be  older  than  the  formation  of  Lake  Algonquin*^)  occur  near  Ithaca,  at  the 
south  end  of  Ca3niga  Lake.    These  deposits  were  discovered  while  making 

••  Tarr,  Joum.  Geol.,  XH,  p.  79. 

•«  Bull.  Geol.  Soc.  Amer.,  XXI,  pp.  227-241. 
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artesian  well  borings.    The  lacustrine  deposits  rest  on  the  till  and  are  from 
200  to  300  feet  in  thickness.    The  sequence  of  strata  is  as  follows: 

Surface  soil 

Clay 

Sandy  clay,  containing  trees  and  raoUusks 

Gravel 

Clay  and  stones 

Clay 

TiU 

The  upper  clay  varies  from  40  to  60  feet  in  thickness  and  contains  frag- 
ments of  mollusks  and  pieces  of  reeds  and  wood;  logs  were  encountered  in  two 
cases  at  38-39  and  33  feet;  the  sand  and  gravel  varies  from  20  to  70  feet  and 
contain  plant  fragments,  mollusks  and  many  logs,  several  of  good  size;  beneath 
the  coarse  material  is  a  second  layer  of  clay  of  considerable  thickness,  which 
overlies  the  true  till.  Prof.  Penhallow  identified  the  wood  as  follows:  from 
south  well,  30-35  feet  in  clay,  Pinus  rigida;  from  well  No.  1,  50  feet,  in  gravel, 
Larix  amerkana.  Dr.  Dall  identified  the  molluscan  genera  as  Valvala,  Planar- 
biSf  Amnicolay  Pisidiuntj  and  Sphaerium. 

The  evidence,  according  to  Tarr,  seems  conclusive  that  these  sands  and 
gravels  were  either  shallow-water,  lake-maigin  deposits,  or  else  stream-made 
land  deposits,  and  that  they  were  succeeded  by  lake  conditions.  To  the  writer 
they  seem  like  lake-margin  deposits,  such  as  may  be  found  on  the  southern 
shore  of  Cayuga  Lake,  where  a  great  stretch  of  beach  is  covered  with  fragments 
of  lake  debris,  consisting  of  mollusks,  crayfish,  fish,  and  hundreds  of  logs  of 
all  sizes.  Like  the  Huron -Erie  basin  to  the  west,  these  deposits  mark  fluctua- 
tions in  the  level  of  the  lake,  and  their  interpretation  would  perhaps  be  as 
interesting  as  that  already  worked  out  at  Chicago,  and  other  places. 

Six  species  of  fresh  water  shells  have  been  reported  from  New  York  City 
which  are  referable  to  late  postglacial  time.  The  deposit  from  which  thev 
came  is  thus  described  :*  "The  shells  here  mentioned  were  found  at  what  is  now 
171st  street  and  Morris  Avenue,  Borough  of  the  Bronx,  New  York  City.  ThR 
swamp  which  is  situated  at  this  point  lies  in  a  long,  narrow,  anticlinal  valley 
which  has  been  eroded  in  limestone.  When  the  street,  now  known  as  Morris 
Avenue,  was  filled  in  across  the  swamp,  the  peaty  deposit,  which  had  accvimu* 
lated  here,  was  forced  up  to  heights  of  several  feet  on  either  side  of  it.  This 
caused  the  peat  to  crack  in  all  directions  and  revealed  numerous  pockets  which 
were  full  of  small  shells. "    The  species  recognized  are  noted  below. 

Amnicola  limosa  Planorbis  anirosus  {^bicarinalus) 

Valvata  tricarimUa  "        partus 

Physa  heteroslropha  Pisidium  variainU 

"  Humphreys,  Nautilus,  XXIII,  p.  10. 
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There  are  doubtless  numerous  small  lakes  in  New  York  State  which  have 
marl  deposits  containing  the  remains  of  an  ancient  fauna.  No  records  of  such 
have  come  to  the  writer's  notice,  except  one  at  West  Chartton,  Saratoga  Comity, 
from  which  Gdba  obrussa  decampi  was  obtained.  The  locality  is  said  to  be  an 
extinct  lake  and  the  marl  bed  is  under  six  feet  of  muck.^  Near  Schenectady, 
fossil  leaves  have  been  found,  10-12  feet  below  the  surface  of  the  flats  or  alluvial 
banks  of  the  Mohawk  River,  in  fine,  black  river  mud." 

2.  Remains  of  Land  Animals 
a.  The  Mastodon 

That  the  mastodon  once  ranged  over  the  entire  state  of  New  York  is  clearly 
indicated  by  a  large  number  of  its  remains  which  have  been  found  in  widely 
separated  localities.  Clarke^  has  published  a  list  of  the  known  records,  which 
is  summarized  below,  arranged  from  the  eastern  to  the  western  portion  of  the 
state. 

Orange  County.  Montgomery,  in  marl  beneath  peat  bog,  10-20  feet 
beneath  the  surface;  Near  Chester,**  Newbuig,^®^  Scotchtown,  Hamptonburg, 
Otisville,  Monroe,  Arden,  Balmville,  and  Salisbury's  Mills.  The  bones  were 
found  in  sand,  clay,  or  shell  marl,  beneath  a  bed  of  muck  or  peat. 

Suffolk  County.  Between  tides,  four  miles  east  of  Riverhead;  head  of 
Beaseley's  Pond  near  Jamaica,  on  gravel  under  about  4  feet  of  muck.**^^ 

Sullivan  County.    Between  Red  Bridge  and  Wurtsboro. 

Ulster  Coxmty.    Ellenville. 

Duchess  County.    Poughkeepsie,  in  marsh. 

Greene  County.    Near  Baltimore,  Greenville,  and  Freehold. 

Columbia  County.    Claverack. 

Albany  County.    Coeymans. 

Wayne  County.    Macedon. 

Monroe  County.  Rochester,  in  hollow  or  watercourse;  in  Mount  Hope 
cemetery;  along  Genesee  Valley  canal,  where  it  crosses  Sophia  Street,  4  feet 
below  the  surface,  in  gravel  covered  by  clay  and  loam,  beneath  a  deppsit  of 
sheU  marl,  and  about  2  feet  above  the  polished  limestone;  bank  of  Ironde- 
quoit  Creek,  two  and  one-half  miles  from  Pittsf ord,  5  feet  below  the  surface. 

••  H.  B.  McWilliams,  In  Smith.  Inst.  Coll. 

•*  Tomlinson,  Amer.  Joum.  Sci.,  (i),  XXIII,  p.  207. 

"  New  YoriL  State  Museum,  BuU.  69,  pp.  921-933. 

**  Hovey,  in  Ann.  N.  Y.  Acad.  ScI.,  XVIII,  p.  147,  says  that  this  material  was  6  feet 
bdow  the  surface  in  soil  consisting  of  loose  black  mould,  mingled  apparently  with  com- 
minuted fibres  of  sea  weeds,  etc.,  underneath  a  pale  bluish  clay. 

'^  Steams  records  the  mollusk  Planorbis  parvus,  with  a  mastodon  from  this  locality 
(Nautilus,  Xm,  p.  101). 

">  Brevoort,  Proc.  A.  A.  A.  Sci.,  XII,  pp.  232-234, 1858. 
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Ontario  County.  Seneca,  beneath  marl  and  diatomaceous  earth,  about 
3  feet  from  the  surface. 

Livingston  County.  Geneseo,  mixed  with  marl  and  fresh  water  shells,  a 
few  feet  below  the  surface;  Nunda,  Scottsburg,  and  Fowlerville. 

Genesee  County.  Staford,  beneath  muck,  on  day  and  sand;  Leroy,  in  bed 
of  marl;  Batavia. 

Tompkins  County.    Near  Ithaca,  in  deposit  of  modified  drift. 

Orleans  County.    Halley,  in  excavation  for  Erie  canal. 

Niagara  County.  Niagara  Falls,  in  fine  gravel  and  loam  containing  fresh 
water  shells;  found  in  digging  a  mill  race  on  Goat  Island,  12-13  feet  below  the 
surface. 

Wyoming  County.  Pike;  Attica,  in  unlaminated  clay,  2-3  feet  beneath 
surface,  overlaid  by  clayey  muck  and  loam. 

Cattaraugus  County.  Hinsdale,  with  remains  of  deer  (elk?),  16  feet  below 
surface,  in  gravel  and  sand. 

Chautauqua  County.    Jamestown,  in  muck,  a  Uttle  below  present  level 

of  Lake  Chautauqua,  associated  with  bones  of  elk;  Westfield,  on  pavement  of 

heavy  boulders,  and  under  several  feet  of  black  clayey  muck;  at  Levant,  four 

miles  east  of  Jamestown,  leaves  have  been  reported  between  layers  of  day  at 

a  depth  of  15  or  20  feet^"    The  vertical  section  at  this  locality  is  reported  to 

be  as  follows: 

Yellow  sand 4  ft  0  in. 

Quicksand. 0       4 

Yellow  day 5       0 

Blue  day 70       0 

Hardpan x       x 

Total 79       4 

The  hardpan  is  probably  referable  to  the  old  drift  thot  to  be  Kansan. 
(Why  may  it  not  be  nUnoian?). 

Staten  Island.  A  mastodon's  molar  tooth,  associated  with  twigs  and  cones 
of  Picea  canadensis^  in  a  deposit  two  feet  thick,  8  feet  below  the  siuiace,  was 
found  in  a  Moravian  cemetery  at  New  Dorp.  The  locality  is  a  swamp  and  is 
1200  feet  from  the  margin  of  the  moraine.  Whether  this  deposit  is  pre-  or 
post-Wisconsin  has  not  been  stated. 

Additional  records  are,  Lisle,  near  Binghamton,  Broome  County  ;^^  Geneva, 
Ontario  County;*^  Belvidere,  All^hany  County.*** 

The  remains  of  mastodons,  as  well  as  of  other  mammals,  are  usually  tound 
in  clay  or  marl  beneath  a  bed  of  muck  or  peat 

"•»  Rds,  BuD.  N.  Y.  State  Mua.,  Ill,  No.  12,  p.  103. 
»•  Amer.  Joum.  Sd.,  (iii),  X.  p.  390, 1875. 
»•*  Hitchcock,  Science,  VI,  p.  450, 1885. 
"«  Amer.  Gcol.,  XXXIII,  p.  60. 
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b.  Other  Vertebrates 

Cervus  canadensis?^  Jamestx)wn,  Chautauqua  County,  in  muck  a  little 
below  present  level  of  Lake  Chautauqua,  associated  with  the  mastodon; 
Seneca,  Ontario  Coimty,  beneath  marl  and  diatomaceous  earth  about  3  feet 
from  the  surface,  associated  with  mastodon;  Farmington,  Ontario  County ,^^ 
in  cedar  swamp,  in  peat,  6  to  18  inches  beneath  the  surface;  New  Hudson, 
Alleghany  County  (vide  Hall). 

New  Hudson,  Alleghany  Co.*^*  Horns  of  elk  and  deer  were  found  many 
years  ago  at  New  Hudson,  four  miles  from  Cuba,  at  the  summit  level  of  the 
old  Genesee  Valley  canal,  in  a  deposit  of  muck  12  feet  beneath  the  surface, 
associated  with  pieces  of  wood  gnawed  by  beavers. 

OdocoUeus  virginianus.  Cattaraugus,  Green,*^  and  Alleghany  counties 
(HaU). 

PUUygonus  compressus}^^  The  remains  of  this  animal  were  found  by  Prof. 
Henry  A.  Ward,  many  years  ago,  in  a  gravel  bank  excavated  for  a  railroad 
near  Rochester.  This  is  the  northernmost  record  for  any  member  of  this 
family.  There  seems  to  be  no  question  concerning  the  occurrence  of  this 
extinct  peccary  during  post-Wisconsin  time. 

Rangifer  tarandus.  The  barren-ground  caribou  is  reported  from  Sing 
Sing,  New  York,  where  antlers  were  found  in  the  bed  of  an  ancient  lake  (now  a 
deep  peat  deposit)  6  feet  below  the  surface."® 

Castoroides  ohioensis^  has  been  reported  from  a  swamp  near  Clyde,  Wa)me 
County,  at  an  elevation  of  the  Ridge  Road  (Iroquois  Beach).  The  strata 
exhibit  the  following  sections : 

1.  Muck  and  soil 2  feet 

2.  Fine  sand  with  occasional  bands  of  clay,  with  alternating  layers  of  sand,  twigs, 
leaves  and  other  fragments  of  vegetable  matter 2-3  feet 

3.  Much  peaty  soil,  composed  of  fragments  of  wood,  baik,  leaves,  and  trunks  of  trees 

of  large  siae.    Skull  of  Castoroides  in  this  stratum A  feet 

4.  Fine  sand  with  shells  of  Planorbis,  Valvata,  Cyclas,  etc 2-3  feet 

5.  Ancient  drift 

Elephas  columbi.^  Two  specimens  of  this  elephant  were  found  several 
years  ago  near  Irondequoit  River  in  Monroe  County,  ten  miles  east  of  Roches- 
ter.   They  were  in  a  deposit  of  sand  4  feet  below  the  surface,  partly  under  the 

>*  Clarke,  op,  cU, 

"» HaU,  6th  An.  Rep.  State  Geol.  N.  Y.,  1886  (1887),  p.  39. 
»•»•  HaD,  Joum.  Bost.  Soc.  Nat.  Hist.,  V,  p.  391, 1846. 
>••  HaD,  Geol.  N.  Y.,  part  IV,  1843,  pp.  364,  367. 
'••  Lcidy,  Trans.  Wagner  Inst,  Sci.,  H,  pp.  41-50. 
"•  Leidy,  Pioc.  Phil.  Acad.,  1859,  p.  194. 

»"  Wyman,  Proc  Bost.  Soc.  Nat.  Hist.,  H,  p.  138;  Hall,  Joum.  Bost.  Soc.  Nat  Hist., 
V,  p.  385-391. 

»»  Miller,  BuU.  N.  Y.  State  Mus.,  VI,  No.  29,  p.  373. 


154  LIFE  OF  THE  PLEISTOCENE 

stump  of  a  lai^ge  forest  tree.^"  The  remains  of  a  mammoth  (species  not 
recorded)  were  also  foimd  in  a  swamp  near  Crawford,  Ulster  County."* 

Equus  complicalus  {= major).  Miller^"  records  a  fossil  horse  from  "Keenes 
Station,  near  Oswegatchie  River  oxbow  in  JeflFerson  County. "  Dr.  Skelton"* 
also  dtes  a  fossil  horse  (Equus  major)  from  near  Troy,  Rensselaer  County. 
No  evidence  is  at  hand  to  show  that  these  records  have  been  substantiated. 
Hay"^  has  recently  remarked  that  ''no  authentic  specimens  of  fossil  horse 
remains  have  been  reported  from  any  deposits  overlying  the  latest  sheet  of  drift, 
the  Wisconsin, "  and  the  two  records  cited  above  are  open  to  question.  They 
may  have  been  founded  on  the  bones  of  the  recent  horse,  that  of  Dr.  Skelton 
being  so  considered  by  Hay.*^* 

Bison  bison  was  recorded  many  years  ago*"  from  the  outlet  of  Chautauqua 
Lake,  10  feet  below  the  surface  in  imbroken  soil.  Only  a  tooth  was  foimd,  in 
a  deposit  of  black  muck. 

Vertebrate  remains  have  been  found  in  postglacial  deposits  near  S3nacuse. 
These  deposits  are  believed  to  be  post-Iroquois  and  to  have  been  made  in  a 
dimnishing  Onondaga  Lake  following  the  Mohawk  drainage  of  Lake  Iroquois. 
They  are  400  feet  above  sea  level  and  36  feet  above  the  present  Lake  Onondaga. 
Mollusks  were  also  found  with  the  vertebrate  remains  but  these  have  not  been 
identified,  as  far  as  known.**^  Four  species  of  manmials  are  represented,  as 
noted  below: 

Ursus  americanus.  Will  and  Baumer  factory,  north  side  of  Ley  Creek  on 
east  shore  of  Onondaga  Lake. 

Odocoileus  virginianus.  Same  locality  as  above;  Harbor  Brook,  near  Avery 
Avenue  (city  line  on  west),  Syracuse. 

Bison  bison.  North  side  of  Croton  Street  (near  East  Raynor  Avenue)  and 
210  feet  west  of  Renwick  Avenue,  S)Tacuse,  about  10  feet  below  the  surface  at 
jimction  of  muck  and  clay. 

Elephas  primigenius.  East  side  of  Limestone  Creek  near  Manlius  Station 
(now  Minoa)  on  West  Shore  Railroad. 

Vm.  CONNECTICUT 

The  mastodon  roamed  about  Connecticut  during  post-Wisconsin  time. 
Stewart^-®,  long  ago,  reported  this  animal  from  two  localities:  in  Farmington 

"» Amer.  Joum.  Sci.,  (i),  XXXII,  pp.  377-379, 1837. 

"*  Thompson,  Amer.  Joum.  Sci.,  (i),  XXIII,  p.  249. 

»»  Bull.  N.  Y.  Stete  Mus.,  VI,  No.  29,  p.  373. 

"•  Proc.  Bost.  Soc.  Nat.  Hist.,  VI,  pp.  303-304. 

"'  Ind.  Dept.  Geol.  Nat.  Res.,  XXXVI,  p.  586. 

"•  Science,  N.  S.,  XXX,  p.  890, 1909. 

»»  Knight,  Amer.  Joum.  Sci.,  (i),  XXVII,  pp.  166-168, 1835. 

»••  Smith,  Bull.  N.  Y.  State  Museum,  No.  171,  pp.  64-72, 1914. 

»•  Amer.  Joum.  Sci.,  (i),  XIV,  p.  187. 
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canal  near  Cheshire,  thirteen  miles  north  of  New  Haven,  in  diluvial  gravel; 
and  at  Sharon,  in  Litchfield  County.  In  a  later  publication^^  a  vertebra  of  a 
mastodon  was  reported  from  a  canal  in  the  town  of  Berlin,  twelve  miles  south- 
west of  Hartford.  It  was  foimd  in  a  tufaceous  lacustrine  formation  containing 
the  shells  of  PlanorhiSy  Lymnaea,  and  Sphaerium, 

IX.   VERMONT 

The  remains  of  an  elephant  (species  not  indicated)  were  found  in  a  cut  in 
the  Green  Mountains,  on  the  line  of  the  Rutland  and  Burlington  Railroad  in 
1850.  The  location  was  in  the  Township  of  Mount  Holly,  at  an  elevation  of 
1360  feet  above  sea  level.  The  remains,  consisting  of  a  tooth,  two  tusks  and 
several  bones,  were  found  in  a  muck  bed,  about  9  feet  thick,  resting  on  a  gravel 
bed.^^  Fossil  wood  was  also  found  near  the  elephant  bones,  13  feet  beneath 
the  surface,  covered  by  san  1  and  gravel;  the  wood  was  cut  by  beaver's  teeth. 
The  deposit,  15  feet  thick,  rested  partly  on  solid  rock  and  partly  on  rounded 
masses  of  rock  closely  compacted  together.  ^ 

X.  MAINE 

The  northeastern  part  of  Maine  is  studded  with  lakes,  which  are  due  to  the 
last  glacial  invasion.  Many  of  these  lakes  are,  geologically,  of  very  recent  ori- 
gin, dating  from  the  Champlain  submergence,  and  hence  referable  to  Nipissing 
time.  Many  of  these  lakes  have  extensive  marl  deposits  of  great  thickness, 
which  contain  an  abundance  of  molluscan  life.  The  deposits  examined  are  ^ 
in  Aroostook  County,  and  their  biotic  contents  have  been  made  known  by  Mr. 
Olof  O.  Nylander.  The  mollusks,  as  listed  by  this  gentleman,  are  indicated 
below.  Those  sp  cies  not  now  living  in  these  bodies  of  water  are  marked  with 
anx. 
Shells  of  Barren  Brook  bog,  near  Caribou,*** 


A  nodonta  fragUis 

Pisidium  walkeri  mainmse 

Sphaerium  simile 

X  Vahata  sincera? 

n 

rhombaideum 

Physa  heterostropha 

X  Musculium  secure 

X  Ancylus  paralldus 

X  Pisidium  adamsi 

Planorbis  triw^vis 

compressum 

X         "        campanuUUus 

X          " 

corUortum 

X         "        antrosus 

X            " 

pauperculum 

"        pamu 

roiunda^m 

"        species  (near  crista) 

X             " 

5CuieU{iittni7 

Galba  obrussa 

variabile 

Succinea  obliqua 

ventricosum 

Vertigo  species 

^  Amer.  Joum.  Sci.,  (i),  XXVII,  pp.  165-166, 1835. 
>**  Thompson.  Amer.  Joum.  Sci.,  (ii),  DC,  p.  256, 1850. 
"» Proc.  Bost.  Soc.  Nat.  Hist..  IV,  pp.  33-34, 1851. 
»«  Nautilus,  XIV,  pp.  101-104. 
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SheUs  from  Lovely  Brook  bog,  near  Fort  Fairfield. 

z  Pisidium  corUortum  Physa  heUfostropka 

"       vcfUricosum  x  Planorhis  crista  crisiata 

"       s^endidulutn  x         "        hirsuius 

z         "       dbdUum  z        "        parvus 

variabile  Galba  obrussa  ('^desidiosa) 


i> 


X 

97 

compressum 

z 

it 

adamsi  affine 

>t 

mainense 

iy 

veniricosum 

z 

»> 

costatum 

»> 

medianum  mintdum 

z 

ft 

conSortum 

Shells  from  Little  Mud  Lake,  Westmoreland.^ 

AnodatUa  fragUis  z  Pisidium  triangulare 

X  Spka^rium  simile  ('^ sulcatum)  x         "       tenuissimum 

X  "        rhomboideum  "       splendidulum 

X  Musculium  secure?  "       splendidulum^  var. 

Pisidium  variabile  x        "        dbdikmf 

X  Valvata  sincera^  var. 
z  Ancytus  paralldus 
X  Planarbis  campamdatus 
X        **       antrosus  {^bicarinatus) 

"       partus 
X         "       hirsutus 
z    Galha  obrussa 

Mr.  Nylander  remarks  that  living  moUusks  are  very  rare  in  this  lake,  but 
that  the  fossil  shells  are  very  abundant  The  water  is  evidently  impregnated 
with  mineral  salts  and  the  environment  is  becoming  unfavorable  for  molluscan 
Ufe. 

XI.  CANADA 

Records  of  postglacial  Ufe  have  been  definitely  recorded  from  the  territory 
north  of  the  Great  Lakes,  notably  in  Ontario.  The  biota  contained  in  these 
deposits  is  mainly  lacustrine,  altho  a  few  land  forms  are  represented,  espedaUy 
among  the  plants.  Toward  the  east  there  is  an  admixture  of  both  fluviatile 
and  marine  species,  showing  the  dose  association  of  the  lakes,  rivers,  and  the 
sea  during  the  Champlain  ^ubstage.  Only  the  lacustrine  and  fluviatile  life 
will  be  exhaustively  considered. 

i.  Lake  Algonquin  Stage 

''No  animal  life  has  been  found  in  the  beach  itself.  But  in  a  terrace  adja- 
cent to  the  Saugeen  River  (bridge  east  of  Southampton),  where  there  is  an 
embayment  of  the  Algonquin  beach,  there  is  a  bed  of  fresh- water  shells,  dis- 
covered by  Mr.  Spillman.  This  is  at  an  altitude  of  90  feet  above  the  lake,  or  40 
feet  below  the  beach.  This  deposit  may  have  been  on  the  floor  of  the  lake  dur- 
ing the  Algonquin  episode,  or  it  may  belong  to  a  lower  water  level.  At  the  head 
of  Georgian  Bay,  fresh  water  shells  have  been  found  up  to  78  feet""*  No  list 
of  the  species  from  these  deposits  has  been  observed. 

>*  Nautilus,  XXn,  pp.  105-106.    The  deposit  is  said  to  be  many  feet  in  thickness. 
"■  Spencer,  Amer.  Joum.  Sd.,  (iii),  XLI,  p.  16, 1891 . 
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Dr.  Stearns^'  lists  the  following  species  from  the  ^'fossiliferous  sands  over- 
l3ang  the  days  of  Essex  County,  Ontario/'  associated  with  mastodon  remains. 
The  deposits  are  probably  referable  to  the  Algonquin  stage  tho  they  might 
belong  to  an  earlier  period. 

Valvata  sittcera  Planorbis  parvus 

"      tficarinata  "       campanidatus 

Pkysa  heterosfropha  Gdtba  humilis  modiceUa  « 

Near  Collingwood,  Simcoe  Distirct,  on  the  Nottawassaga  River,  several 
spedes  of  mollusks  occur  in  sedimentory  deposits,"*  which  are  probably  refer- 
able to  the  Algonquin  stage,  altho  the  section  near  Collingwood  seems  rather 
low  for  this  stage,  but  it  is  above  the  levd  of  the  Nipissing  stage  (632 feet)."* 
The  section  near  Nottawa  seems  referable  to  the  Algonquin  stage.  Fossils 
are  reported  as  follows: 

North  side  of  Pretty  River,  Nottawa,  in  deposit  from  3  to  4)^  feet  beneath  the  surfaoe. 
Pdygyra  albolabris  Pyramidula  alUmata 

"       tridentata  Omphalitta  ftdiginosa 

"       sayii  ('^sayana) 
D^xtsit  near  Collingwood,  from  surface  to  depth  of  three  feet;  height  of  section  78  feet 
above  the  lake  (659.  5  A.T.). 

Planorbis  Wivcivis  Polygyra  albolabris 

Goniobasis  conica^*  "       tridentata 

"        Htescens  Ompkalina  ftdiginosa 

• 

At  the  town  of  Angus,  in  Simcoe  district,  beds  of  lacustrine  shells  have  been 
observed  which  are  probably  referable  to  the  Algonquin  stage."*  The  town 
of  Colwell,  not  far  distant,  is  on  the  Algonquin  beach,  which  reaches  a  hdght  of 
774  feet,^  and  Angus  is  doubtless  also  situated  on  this  beach.  The  spedes 
recorded  below  are  listed  by  Bell*"  and  Coleman.*** 

EUipUo  comphnaius  (very  abundant)         Planorbis  antrosus  (^bicarinatus) 

LampsUis  hiieola  "        campanulatus 

Sphaerium  simile  "        trivUvis 

"         rhomboideum  "        defiectus 

Pisidium  dubium  (='virginicum)  "        parvus 

"       noveboracense  Pkysa  ancillaria 

Amnicola  limosa  Galba  obrussa  (^desidiosa) 


w 


limosa  porala  "     palustris 


^  Stearns,  Nautilus,  XIII,  pp.  100-101. 
"*»  GeoL  Can.,  p.  966;  Dawson,  Can.  Nat,  VI,  pp.  49-50. 
^  See  Goldthwait,  GeoL  Surv.  Can.,  Mem.  No.  10,  p.  24. 

»•  It  IS  difi&cult  to  suimise  just  what  this  sptd.es  may  have  been.    Conica  is  a  synonym 
of  Pleurocera  canaUculatum  Say,  a  spedes  not  found  in  the  northern  part  of  the  countiy. 

>n  Hunter  (Can.  GeoL  Surv.,  Rep.  1902,  p.  290  A)  refers  these  shells  to  the  Nipissing  stage. 

i»  Goldthwait,  op.  cit.,  page  24. 

1"  Ged.  Can.,  page  966. 

»**  Trans.  Can.  Inst,  VI,  p.  40. 
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Valvaia  tficarinaia  Galba  dodes 

"      sincera  Succinea  avara 

"      piscinalis^  Polygyra  numodan 
Goniobasis  livescens 

Chapman^*  lists  many  of  these  species  and  remarks  that  the  shells  may  be 
traced  over  four  miles  south  of  the  station  and  a  mile  or  more  in  other  directions. 
They  lie  in  fine  sand  at  depths  of  1  to  16  or  18  feet  and  are  underlaid  by  gravel, 
which  is  in  some  places  obUquely  laminated.  The  naiads  were  very  abundant, 
of  large  size  and  well  preserved,  "a  cart  load  might  be  collected  from  some  cut- 
tings in  an  hour. "  From  this  description  it  would  appear  that  the  deposit 
was  very  similar  to  the  Toleston  beds  of  Wilmette  Bay,  Chicago,  described  in 
Chapter  III. 

In  1898,  fossil  Unios,  fish  bones  and  pieces  of  wood  and  bone  were  found 
in  a  well  on  the  Agnew  farm,  near  Essa,  on  the  Nottawasaga  River. ^**  At 
Ennskillen,  Ontario  (opposite  Detroit)  several  moUusks  have  been  reported 
from  gravel  deposits  apparently  referable  to  Lake  Algonquin.  Three  species 
are  recorded.*** 

Unto  circulus^Obavaria  circulus 
"     gibbosus  »  EUiptio  gibbonts 

Cydas  (msjiy)=^Spkaerium 

« 

2.  Lake  Iroquois  Stage 

The  records  of  life  from  this  ancient  beach  are  not  numerous.  At  Hamil- 
ton,*'* the  scapula  of  a  deer  is  said  to  have  been  found  in  beach  sand  and  gravel. 
On  Burlington  Heights,  near  Hamilton,  a  number  of  mammals  were  found  in 
fine  sand,  about  38  feet  below  the  summit  of  the  ridge  and  70  feet  above  the 
surface  of  Burlington  Bay.  The  upper  JO  feet  consisted  of  stratified  gravel, 
composed  of  small  pebbles  of  limestone,  cemented  to  such  an  extent  that  the 
deposit  had  to  be  blasted  to  remove  it.  Beneath  this  was  a  deposit  of  coarse 
sand,  about  10  feet  in  thickness,  in  which  the  bones  were  found.  The  speci- 
mens were  discovered  during  the  construction  of  the  Desjardins  canal.  Four 
species  were  observed. 

EUphas  jacksoni^Elepkas  columbi  (tusk  and  lower  jaw) 
Mastodon  amefica/Mu^Mammut  americanum  (tusk  and  vertebra) 
Cervus  canadmsis  (horns) 
Castor  fiber —Castor  canadensis  Gaw). 

'*This  species  may  be  the  same  as  Vahaia  obtusa  Drap.,  which  is  abundant  on  the 
southern  shore  of  Lake  Ontario  in  the  vicinity  of  Irondequoit  Bay  and  Charlotte.  Piscinalis 
has  recently  been  authentically  rqx>rted  from  American  waters  by  Latchford,  Nautilus, 
XXVm,  p.  10. 

»•  Canadian  Joum.,  N.  S.,  VI,  pp.  497-498, 1861. 

"» Hunter,  op,  cU.,  p.  291A. 

»•  Bell,  GeoL  Canada,  p.  956. 

"•See  Trans.  Can.  Inst.,  VI,  p.  29;  Can.  Nat.,  N.  S.,  VII,  p.  470;  VIH,  pages  135-147; 
X,  p.  308. 
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In  Hamilton,  just  west  of  the  Catholic  cemetery,  bordering  the  Dundas 
marsh,  a  bed  of  shell  marl  occurs,  which  is  about  15  feet  in  thickness.  As  the 
moUusks  are  all  land  species  they  may  belong  to  a  later  period.  Four  species 
axe  listed."® 


Poiygyra  albolabris  Pyramidtda  aUemata 

tfidentata  Succinea  oUiqua 


ly 


Near  Toronto  several  localities  exhibit  good  exposures  of  the  Iroquois 
beach.^  From  street  cuttings  in  the  sandy  plain  east  of  the  Don  River,  four 
mollusks  were  obtained. 

EXUptio  ccmpUmaius  Galba  palusirisf 

PUmorhis  campanulatus  (in  error  complanatus)         Succinea  avara 

From  Reservoir  Park  a  nimiber  of  specimens,  more  or  less  perfect,  were 
secured. 

Unios,  severaJ  species,  worn  Plcuroceraj  several  species 

Spkaerium,  "  Campdoma  decisum 

From  the  Carlton  sand  and  gravel  pit,  12  to  20  feet  below  the  surface,  in 
a  gravel  and  on  a  clay  deposit  at  the  base  of  the  gravel,  the  cast  horns  of  a  bar- 
ren ground  caribou  were  found.  Other  specimens  have  been  found  in  the  vi- 
cinity.   From  a  gravel  deposit  at  York  a  mammoth  tooth  was  taken. 

Near  the  Don  River  above  Taylor's  first  paper  mill  a  well  was  drilled  on  the 
hillside,  35  feet  below  the  level  of  the  Iroquois  beach.  The  drill  penetrated 
38  feet  of  sand  and  gravel,  often  cemented  by  carbonate  of  lime;  shells  were 
encotmtered  70  feet  below  the  level  of  the  Iroquois  beach.  The  sand  deposit 
rests  upon  the  surface  of  weathered  peaty  clay,  which  is  thot  to  be  interglaciaL 
This  weathered  zone  may  represent  a  low-water  stage  and  the  mollusks  may 
have  been  buried  during  the  rise  of  the  water.  The  mollusks  found  belong 
to  the  genera  Unioj  Sphaerium  and  Pleurocera, 

Ami***  enumerates  the  following  species  from  the  gravel  pits  of  west  Toron- 
to, referring  them  to  the  Lake  Warren  episode.  Coleman  refers  all  post- 
Gladal  deposits  to  the  Iroquois  Stage.*^ 

LampsiUs  ItUecla  Goniobasis  livescens 

Spkaerium  rhomboideum  Physa  anciUaria 

Pisidium  abditum  Planorbis  campanulatus 

"       noveboracense  "        bicarinaius  (^anirosus) 

Vahata  sincera  "        defiectus 

"      tricarinata  "        parvus 


^**  See  Coleman  and  Spencer,  Trans.  Can.  Inst.,  VI,  p.  29;  Can.  Nat,  N.  S.,  VII,  p. 
470;  X,  p.  308. 

"*  Coleman,  op.  cU.,  pp.  37-39. 

'*■  Trans.  Roy.  Soc.  Can.,  (ii),  VI,  part  iv,  p.  153. 

"» Bull  GcoL  Soc.  Amer.,  XIV,  pp.  347-368. 
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Amniccla  limosa  Galba  dodcs 

"        limosa  porata  Sucdnea  avara 

Polygyra  monodon 

The  tusk  of  an  elephant  eleven  inches  long  and  three  inches  in  diameter 
was  found  in  Adair's  pit. 

At  Niagara  Falls,  on  the  Canadian  side,  fresh-water  shells  occur  in  many 
places.  In  a  deposit  of  sand  and  gravel  l3dng  between  the  Clifton  House  and 
the  old  toll-gate  below,  the  species  indicated  below  were  found  :"* 

*ElHpiu»  camplanctus  Goniobasis  acuta  ('^haldemani) 

"      pbhosus  "       *canica»* 

Ohovaria  dlipsis  "         Inescens 

Eurynia  recta  Physa  heterostropha 

AlasmidcfUa  marginata  Planorbis  bicarinatus  {^atUrosus) 

*Sphaervum  simile  *Gaiba  caperata 

*Pisidium  dubium  {^virginicum)  *Lymnaea  stagnalis  appressa 

Campeloma  decisum  *  Polygyra  aibolabris 
*Amndcola  limosa  porata 

This  deposit  is  between  the  ancient  bank  of  the  river  and  the  edge  of  the 
present  gorge  and  is  clearly  referable  to  the  Iroquois  stage. 

Dqposits  of  gravel  in  Queen  Victoria  Park  contain  several  species  of  mol- 
lusks  which  are  listed  by  Coleman**  and  Kindle  and  Taylor;**  the  latter  authors 
refer  the  deposits  to  the  recent  stage  of  the  Niagara  River  rather  than  to  the 
Lake  Iroquois  stage.  Some  of  the  deposits  may,  however,  be  older,  as  remarked 
by  Kindle  and  Taylor,  and  the  gravels  containing  the  shells  may  have  been 
laid  down  in  a  late  stage  of  Lake  Iroquois.  The  list  includes  four  species  not 
in  Letson's  Goat  Island  catalog;  one  of  these  (Unto  clavus)  may  be  a  case  of 
misidentification,  this  usually  being  a  species  of  more  southern  distribution.  It 
is,  therefore,  eliminated  from  the  list  below. 

Fusconaja  solida  Sphaerium  slriatinum 
Pleurobema  coccineum  **        sMlulum 

EUiptio  gibbosus  Pleurocera  subulare 

Eurynia  recta  Goniobasis  livescens 

LampsUis  luteola  Physa  heterostropha 

"        occidens  {—ventricosa)  Galba  desidiosa  (^obrussa) 

The  presence  of  two  feet  of  weathered  till  beneath  the  Iroquois  gravels 
suggests,  says  Coleman,  a  low  water  stage  between  Lake  Warren  and  Lake 
Iroquois.    This  low  water  stage  must  have  been  of  considerable  duration,  be- 

^^  Bell,  Can.  Nat.,  VI,  page  46.  These  names  have  not  been  verified.  Those  marked 
with  an  *  are  not  included  in  Miss  Letson's  list.  Bell's  specimens  are  not  now  to  be  found  in 
the  Geological  museum  at  Ottawa.  What  the  species  really  was  that  is  recorded  9S  Unio 
complanatus  it  is  impossible  to  conjecture,  as  Unto  gibbosus  is  also  listed.  As  the  later  writers 
have  failed  to  find  this  naiad  in  these  deposits  it  must  be  looked  upon  as  an  erroneous  identi- 
fication until  the  original  specimens  are  found,  if  they  are  still  in  existence. 

i«  12th  Inter.  GeoL  Cong.,  Toronto,  Canada,  Guide  Book  No.  4,  p.  42, 1913. 

"•  Niagara  FoUo,  p.  14, 1913. 
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cause  tamarack  and  spruce  had  time  to  grow  and  thrive  at  Hamilton.  In  the 
Don  Valley,  at  Toronto,  there  are  valleys  of  erosion  in  the  interglacial  till 
which  also  attest  an  extensive  stage  of  low  water.  Coleman  further  suggests 
that  the  erosion  in  the  Don  Valley  may  have  been  pre* Warren.  It  might  pos- 
sibly represent  the  Lake  Arkona  stage. 

3.  Nipissing  Great  Lake  Stage 

The  City  of  Owen  Sound  is  built  upon  both  the  Algonquin  and  Nipissing 
beaches,  the  former  at  748  and  the  latter  at  an  elevation  of  625,  627,  and  633 
feet."'  Many  years  ago,  Robert  Beff**  listed  several  species  of  mollusks 
which  were  collected  from  the  bank  of  the  Sydenham  River,  9  feet  above  the 
lake.  Mollusks  were  obtained  at  higher  elevations  also.  As  the  datiun  for 
Lake  Huron  is  581.5  feet  A.T.,  the  deposit  from  which  the  shells  were  secured 
was  at  an  elevation  600.5  feet  This  is  below  the  crest  of  the  Nipissing  beach 
(625  to  653  feet)  and  the  specimens  are  therefore  referable  to  the  Nipissing 
stage.    The  following  spedes  are  listed  by  Bell.^^ 

Sphaeriutn  simile  Valiata  sincera 

Campdoma  decisum  "      tricarinata 

Goniobasis  acuta  {^haldemani)  Planorbis  bicarinatus  (=»antrosus) 

"        cornea^**  "        campanulatus 

**        Itvescens  "        parvus 

A  mnicola  limosa  porata  Galba  umbrosa  ( «  dodes) 

Pyramidula  altemata 

About  a  mile  south  from  the  river,  a  lacustrine  deposit  of  sand  containing 
shells  was  found,  upwards  of  30  feet  above  the  lake  (Bell,  l.c.,  p.  51).  These 
might  be  referable  to  a  period  between  the  Algonquin  and  Nipissing  stages. 

In  the  area  south  of  the  Ottawa  River,  west  of  the  city  of  Ottawa,  a  num- 
ber of  marl  deposits  occur.  These  are  in  lakes  of  greater  or  less  size  and  the 
deposits  vary  in  thickness  from  4  to  12  feet."^  The  best  localities  are  noted 
below:  Mink  Lake,  near  Eganville;  chain  of  lakes  in  Ross  Township,  extending 
southeast  from  Muskrat  Lake;  lake  bottom  on  lots  9  and  10,  Westmeath  Town- 
ship; all  in  Renfrew  County.  These  lake  and  pond  beds  represent  depressions 
in  the  bottom  of  the  outlet  of  the  Nipissing  Great  Lakes  and  the  fauna  con- 
tained in  these  deposits  may  be  referred  to  this  stage,  tho  a  portion  of  them 
may  have  been  laid  down  at  a  later  period,  particularly  the  surface  layers. 
Seven  species  of  mollusks  are  recorded  by  Ami."*^ 

Elliptio  complanatus  Physa  heterostropha 

Anodonla  ftuvialUis  Planorbis  campantdatus 

"'  Goldthwait,  Mem.  Can.  Geol.  Surv.,  X,  p.  23. 
>«  Can.  Nat.,  VI,  p.  50. 

^**  It  is  impossible  to  verify  these  records,  and  they  are  listed  substantially  as  originally 
recorded  by  Bell  in  Can.  Nat.,  VI,  p.  50  and  Geol.  Can.  1863,  p.  967. 
"•  Foot-note  number  130. 
">  Ells,  Rep.  Geol.  Surv.  Can.,  No.  977,  p.  46. 
"« Rep.  Geol.  Surv.  Can.,  1899,  pp.  53,  71. 
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Sphaerium  orbicularis  (^partumeium)       Planorbis  hicarinatus  ^^anirostu:) 
Campdoma  decisum 

Heron^  lists  sixteen  species  from  the  vicinity  of  Ottawa,as  noted  below. 


Valvata  tricarinaia 

Amnicola  limosa  porata 

Planorbis  campantdalus 
parvus 

exacutus  {^exacuous) 
bicarinatus  (^antrosus) 

Physa  heterostropka 
ancUlaria 


}} 


>» 


» 


Ancylus  species 

GaSba  desidiosa  (='obrussa) 

Sphaerium  rkamboideum 

"         sulcatum  (^simile) 
Pisidium  venlficosum? 


9> 


speaea 
Elliptic  compianaius? 


tf 


On  the  shore  of  Hemlock  Lake,  near  Rockdiffe  Park,  a  bed  of  shell  marl 
occurs,  which  is  said  to  be  five  feet  in  thickness.  This  is  probably  also  referable 
to  the  Nipissing  stage.  The  following  molluscan  and  other  species  have  been 
identified  from  this  marl:^* 

The  elevation  of  the  marl  beds  is  18-20  feet  above  the  present  level  of  the 
lake,  which  is  15  feet  above  the  Ottawa  River.  The  marl  fauna  is  said  to 
consist  of  smaller  individuals  of  species  now  living  in  the  lake,  due  either  to 
adverse  physical  conditions  or  to  a  boreal  climate.*"* 


Pisidium  abditum 

Valvaia  tricarinaia 

Amnicola  limosa  porata 

Physa  heterostropha 

Planorbis  bicarinatus  {^anlrosus) 

campanulatus 

parvus 
Galba  galbana 

desidiosa  (^obrussa) 


It 


>9 


tf 


Lymnaea  slagnalis  appressa 

Euconulus  fulvus 

Vitrea  indentata 

Zonitoides  arborea 

Pyramidula  aUemata 

Polygyra  albolabris 

alholabris  dentifera 
sayii  {^'sayana) 

Cypris  species"** 


» 


n 


Near  Cobalt,  Ontario,  heavy  beds  of  marl  occur  which  contain  a  large  and 
varied  molluscan  fauna.    These  are  listed  by  Walker  as  indicated  below:"* 


Sphaerium  simile 

Pisidium  vesiculare 

11 

striatinum 

Valvata  tricarinaia 

Musculium  secure 

Physa 

heterostropha 

Pisidium  kirklandi 

Ancylus  parallelus 

t» 

contortum 

Planorbis  campanulatus 

It 

rotundatum 

tt 

antrosus  striatus 

tt 

noveboracense 

tt 

exacuous 

tt 

mainense 

tt 

parvus 

tt 

medianum 

tt 

defiectus 

tt 

pauperculum 

tt 

hirsutus 

^  Trans.  Ottawa  Field  Nat.  Club,  I,  p.  40, 1880. 
»*  Ami,  Rep.  Geol.  Surv.  Can.,  1899,  p.  56,  G. 
«•  Whittaker,  Ottawa  Nat.,  XXXII,  pp.  14-18, 1918. 
«  Ottawa  Nat.  XXI,  p.  180. 
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Pisidium  tenmssimum  Pyramidida  cronkkitei  anihonyi 

**       scuUUalum  Zoniioides  arborea 

Of  the  Pisidia  Dr.  Sterki  says,  '4t  is  interesting  to  note  that  most  of  the 
species  are  represented  by  small  and,  in  some  cases,  specifically  northern  forms." 

From  the  marls  of  the  drained  lakes  on  the  island  of  Montreal  8  species  of 
fresh-water  mollusks  are  recorded."^ 

Sphaerium  portumlium  {^Muscutium  partumeium)  Lymnaea  stagnalis  (possibly  appressa) 

Flanarbis  campanulatus  Physa  keUrostropha 

PUmorbis  partus  Valvala  tricarinata 

PUmorbis  bicarinatus  (  »  antrosus)  A  mnicola  porata 

4.  Vertebrate  Remains 

The  mammoth  and  mastodon  roamed  over  eastern  Canada  during  post- 
Wisconsin  time  and  the  remains  of  these  animals  have  been  foimd  in  many 
places.    Pantorf®*  mentions  the  following  localities: 

Mastodon:  Highgate,  Ontario,  in  a  marl  bed. 

Mammoth:  Shelbume,  Ontario,  in  a  marl  bed. 

Other  Probosddia  have  been  noted  at  St.  Catharines,  Dunnville,  Kimball, 
Gioat  Island,  and  Niagara  Falls.  Bell^^  records  the  mammoth  from  a  swamp 
on  lot  9,  Range  VH,  of  the  Township  of  Amaranth,  Wellington  County,  fifty 
miles  northwest  of  Toronto;  and  the  mastodon  from  banks  of  sand  and  gravel 
in  the  valleys  of  Middle  and  Braddock  rivers,  in  the  central  part  of  Cape 
Breton  Island,  Nova  Scotia.  Chapman**^*  records  the  mastodon  from  Mor- 
peth, Kent  Co.,  Ontario,  in  drift  on  a  limestone  ridge,  7  feet  beneath  the 
surface.  The  recently  described  Cervalces  borealis  is  reported  from  near 
Brantford,  Ontario,  in  post-Wisconsin  deposits  ."•• 

Both  the  elephant  (Elephas  columbi)  and  the  mastodon  reached  a  high 
latitude  in  Canada  either  during  the  Nipissing  episode  or  later.  Bell  reports 
the  remains  of  the  elephant  from  the  east  side  of  Hudson  Bay  on  Long  Island; 
from  Edmonton,  Alberta,  in  the  bank  of  the  North  Saskatchewan  River  in 
superficial  deposits;  and  in  the  Valley  of  Shell  River  at  its  junction  with  its 
east  branch.  The  mastodon  has  been  recorded  from  the  bed  of  Moose  River, 
at  the  first  bend  below  the  jimction  of  the  Missinaibi  and  the  Mattagami  to 
form  the  trunk  stream.  This  is  forty-six  miles  below  Moose  factory.  Lignite 
occurs  in  the  bank  of  the  river,  and  the  deposit  is  thot  possibly  to  be  interglacial. 
The  elephant,  mastodon,  bison,  and  other  vertebrates  have  been  recorded  from 

^**^  Stansfield,  Geol.  Surv.  Canada,  Memoir  73,  p.  68, 1915. 

»  Rep.  Brit  As.  Ad.  Aci.,  61st  Meeting,  1891,  pp.  654-655, 1892. 

'•^  Bull.  Geol.  Soc.  Amer.,  DC,  pp.  389-390. 

*•  Can.  Joum.  Ind.  Sci.  Art,  N.  S.,  Ill,  pp.  56-57. 

«•  Hay,  Iowa,  Geol.  Surv.,  XXIU,  p.  263. 
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Alaska,  but  these  may  have  lived  m  this  region  during  the  expansion  of  the  ice, 
portions  of  this  region  not  having  been  covered  by  the  continental  glacier. 

5.  Glacial  Lake  A gassiz 

As  the  Iowa  and  Dakota  ice  lobes  retreated  northward  (Plate  XLVI)  a 
ponding  of  the  waters  took  place  in  North  Dakota,  Minnesota,  and  Canada, 
which  at  first  found  an  outlet  thru  the  Minnesota  River  and  Lake  Traverse 
into  the  Mississippi  River.  This  outlet  is  called  the  Lake  Traverse  outlet 
This  lake  grew  to  the  northward  until  it  became  the  largest  of  all  the  Glacial 
lakes,  later  finding  an  outlet  to  the  north,  and  finally,  after  the  ice  had  com- 
pletely withdrawn  from  the  Hudson  Bay  region,  becoming  extinct  Lake 
Winnipeg  is  in  a  sense  a  successor  of  this  huge  lake.  Several  important  beaches 
mark  the  limits  of  the  different  stages  of  Lake  Agassiz,  in  some  of  which  evi- 
dences of  life  have  been  foimd.  This  lake  is  believed  to  be  correlative  with  the 
Warren  and  Algonquin  stages  of  the  Great  Lakes. 

The  biota  which  had  been  driven  south  by  the  Wisconsin  invasion  again 
advanced  into  the  englaciated  territory  as  soon  as  conditions  were  favorable. 
The  aquatic  life  emigrated  into  the  Lake  Agassiz  basin  in  much  the  same  man- 
ner as  did  the  biota  which  took  possession  of  Lake  Michigan  thru  the  Chicago 
outlet,  but  at  a  later  period.  The  route  was  via  the  Lake  Traverse  outlet. 
Life  has  not  been  found  as  abundantly  in  the  Lake  Agassiz  deposits  as  m  those 
of  the  Lake  Michigan  basin,  probably  because  exposures  in  protected  spots  have 
not  been  observed.  The  Gladstone  beach,  one-half  mile  northeast  of  Glad- 
stone, Manitoba,  has  yielded  several  species  of  moUusks.  This  beach  is  875 
feet  above  the  sea  and  165  feet  above  Lake  Winnipeg.  Four  species  are  re- 
corded.^^" 

Lampsilis  luteola  Spkaerium  sukatum  (^simile) 

Sphaerium  slriaiinuin  Planorbis  parvus 

From  stratified  clay  deposits  of  Rainy  River,  Ontario,  Coleman  reports: 

Eurynia  recta?  Sphaerium,  2  spedei 

Fresh  water  shells  have  been  reported  from  old  lake  deposits  north  of  Lake 
Superior,  by  Coleman,  Bell,  and  others.  Six  miles  southwest  of  Campbell 
Minnesota,  in  the  Campbell  beach,  which  is  here  985  feet  above  the  sea,  Up- 
ham"®  found  Unto  (Obovaria)  ellipsis.  In  the  reports  of  the  Geological  and 
Natural  History  Survey  of  Minnesota,  especially  in  the  Final  Reports,  reference 
is  made  to  a  number  of  locations  where  evidences  of  life  have  been  found  in  the 
bed  or  outlet  of  this  ancient  lake.    These  are  briefly  noted  below: 

«•  Upham,  Rep.  Prog.,  Can.  Gcol.  Surv.,  p.  49  E,  1900;  Lake  Agassiz,  p.  237;  Coleman, 
Trans.  Can.  Inst,  VI,  p.  40. 

>••  Amer.  Geol.,  VII,  pp.  222-223. 
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a.  Bed  of  Lake  Agassiz 

Beltrami  County,  in  bed  of  Rainy  River  at  confluence  of  Pine  River  and 
at  mouth  of  Beaudette  River.*" 

Sphaerium  sykatum  (  » simile)  Planorhis  bicannaim  ( »  antrosus) 

"        striaiinum?  Galba  obrussa 

A  specimen  of  the  buffalo,  Bison  americanus  {^  bison)  was  found  in  the 
first  rapid  on  Pine  River,  in  a  ridge  of  gravel  mixed  with  clay.^**  In  Clay 
County,^**  at  Georgetown,  mussel  shells  are  said  to  have  been  found  in  a  well 
10-12  feet  below  the  surface,  in  clay.  It  is  unfortunate  that  these  organic  re- 
mains were  not  preserved  and  identified.  In  the  Gljmdon  well,***  strata  con- 
taining organic  matter  were  passed  thru,  as  indicated  below: 

Soil 1     foot 

Yellow  quicksand 12     feet 

Blue  quicksand,  with  sheets  of  turf  and  vegetable  deposits 3^    " 

Blue  clay  and  drift  wood 2        " 

Blue  clay 2H    " 

Upham  (page  664)  believes  that  this  material  was  deposited  from  rivers  in 
their  stages  of  flood,  after  Lake  Agassiz  was  drained  into  Hudson  Bay.  In 
Becker  County,*®  a  bed  of  shell  marl  occurs  in  the  banks  of  Buffalo  River  in 
Sect  28,  T.  41,  R.  41,  seven  miles  south  of  White  Earth  Agency,  the  stream 
in  the  valley  being  30-40  feet  below  the  surrounding  country.  The  banks 
twenty  rods  southeast  from  the  bridge  exhibit  in  section, 

Soil 2  feet 

White  shelly  marl 1    " 

Alluvial  sand  and  gravel  to  level  of  water..  6    " 

Total 9  feet 

In  Wilkin  County,^"  in  the  town  of  McCauleyviUe,  in  the  cellars  dug  in 
alluvial  clay,  many  large  bivalve  shells  and  small  gastropods  were  found  5 
feet  below  the  surface  and  20  feet  above  Red  River.  In  this  vicinity  shells  like 
those  of  sloughs  are  often  noticed  in  ploughing  or  digging,  to  a  depth  of  six  feet. 
Penhallow^*  records  Larix  churchbridgensis  from  southern  Manitoba,  in  post- 
glacial deposits. 

"» Grant,  Geol.  Nat.  Hist.  Surv.  Min.,  Final  Rep.,  IV,  p.  189. 

«  Op,  cU.,  n,  pp.  668, 669. 

^Op.cU.jp,653. 

»•*  Op.  cU.,  p.  529. 

"•  Rep.  Can.  Geol.  Surv.,  1890-1891,  p.  143  E,  1892. 
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b.  OuUet  of  Lake  Agassiz 

In  Lac  qui  Parle,  NE  J^  Sect.  30,  a  well  gave  the  section  indicated  below. 
The  shells  were  not  identified."* 

Soil 2     feet 

Clayey  silt,  containing  numerous  bivalve  sheUs...    8        " 

Yellow  till 7 

Sand H  foot 

Blue  till  interstratified  with  sand 14     feet 

Total 31 J4  feet 

In  Renville  County ,**^  on  the  east  bank  of  Hawk  Creek,  a  terrace  of  gravel 
and  sand  occurs,  fifteen  feet  above  the  stream,  which  contains  a  calcareous 
bed  about  2  feet  thick,  6  or  8  feet  above  the  water.  Eight  species  of  mollusks 
have  been  identified  from  this  bed. 

UniOf  species  Goniobasis  livescens? 

Anodontaf  species  Valvaia  tricarinata 

Sphaerium  striatinum  Amnicola  limosa 

Campdomaj  species  Planorbis  parvus 

The  shells  are  believed  to  have  lived  during  the  time  of  the  outlet  of  Lake 

Agassiz.    In  Nicollet  County,**^  at  Ashawa,  gastropod  shells  occur  5  feet  below 

the  surface  in  the  section  noted  below.    Land  shells  occurred  both  above  and 

beloyr  the  sheU  bed. 

Suriace,  sandy 3-4  feet 

Clayey  sUt 10    " 

In  the  city  of  Minneapolis,  at  the  comer  of  Washington  Avenue  and  15th. 
Avenue,  Casioroides  okioensis  was  foimd"*  associated  with  fragments  of  Unios. 
The  deposit  was  at  a  depth  of  8  feet,  overlaid  by  sandy  loam  and  underlaid  by 
brick  clay.  The  location  is  about  twenty  feet  above  the  present  surface  of 
the  Mississippi  River. 

c.  Vertebrate  Animals 

Proboscidian  and  other  vertebrate  animals  have  been  found  in  and  near 
the  area  of  the  old  Lake  Agassiz  basin.^^^  Elephas  (listed  as  primigenius)  is 
recorded  from  the  following  places  in  Minnesota: 

Fair  Haven,  Steams  County,  in  marsh. 

Wabasha,  in  gravel  terrace  of  Mississippi  River. 

Lake  City,  near  Stockton,  on  shore  of  Lake  Pepin. 

'••  Min.  Geol.  Nat.  Hist.  Surv.,  Final  Rep.,  I,  p.  630. 

^Wp.cU.,  II,  p.  201. 

"•  Op,  cit.,  II,  p.  178. 

>••  WincheU,  8th.  An.  Rep.  Min.  Geol.  Nat.  Hist.  Surv.,  1879,  pp.  181-183. 

»»•  WincheU,  BuU.  Min.  Acad.  Sd.,  IV,  pp.  414422. 
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In  North  Dakota,  near  Repon,  Cass  County,  Ehphas  remains  have  been 
found  in  the  Heinian  beach  of  Lake  Agassiz,  about  one  foot  below  the  surface 
of  the  Wisconsin  till  sheet,  and  below  the  gravel  of  the  beach.^^^ 

The  mastodon  was  rare  in  Minnesota,  judging  by  the  absence  of  authentic 
records.  A  tusk  eight  and  a  half  feet  in  length  is  reported  from  Northfield,* 
Fairebault  County,  in  drift  ten  feet  below  the  surface.*"  A  jaw  bone  is  also 
reported  from  a  gravel  bank  at  Albert  Lea,  Freeborn  Coimty.*"  Proboscidian 
remains,  either  mastodon  or  elephant,  have  been  reported  from  various  places 
in  Minnesota  as  noted  below:*^^ 

Minnesota  City,  Winona  Co.,  and  Stillwater  Washington  Co.,  in  terrace 
gravel  of  flood  plain  stage  of  Wisconsin  time.  Minneapolis,  Hennepin  County. 
Minnetonka,  Hennepin  Coimty.    Mankato,  Blue  Earth  County. 

Bison  laiifrons  is  recorded  by  WinchelP^^  from  Mora,  Kanabec  County,  in 
clay  of  ditch,  several  feet  below  the  surface.  Ovibos  cavifrons^''^  is  also  reported 
by  Winchell  from  between  Wabasha  and  Thielman,  in  the  gravel  terrace  of 
the  valley,  ten  feet  below  the  surface.  Winchell  places  the  deposit  as  probably 
in  the  Wisconsm  terrace  epoch  or  possibly  in  lowan  loess.  As  the  deposit 
may  be  of  Peorian  age,  it  is  also  recorded  in  Chapter  X,  page  351. 

**In  the  vicinity  of  the  Lake  of  the  Woods,  horizontally  bedded,  finely 
laminated,  yellowish-gray,  silty  clay  occurs,  which  in  places  occupies  the  sur- 
face up  to  a  height  of  15  or  20  feet  above  the  lake  and  unconformably  overlies 
the  yellow  till  or  bluish  laminated  stony  clay.  Fresh  water  shells  are  numer- 
ous in  the  deposit. 

"The  presence  of  the  shells  in  these  deposits  and  in  many  of  the  beach 
xidges  in  this  district  up  to  an  altitude  of  at  least  140  feet  above  the  lake  sug- 
gests a  correlation  in  time  and  that  different  conditions  existed  at  the  time  of 
the  deposition  of  the  lacustrine  clays  than  when  the  glacio-lacustrine  deposits 
were  laid  down.  "^'•^ 

IV.  Records  of  Life  Outside  the  Area  and  Influence  of  the  Great 

Glacial  Lakes 

The  remains  of  postglacial  biota  have  been  found  in  places  remote  from  the 
laige  lakes  formed  by  the  retreating  ice.  These  remains  are  usually  found  in 
marl  beds  of  small  lakes,  in  river  terraces  and  in  ancient  soil  formations.  Only 
a  few  records  of  such  are  available.    These  are  listed  by  states. 

171  Upham,  Glacial  Lake  Agassis,  p.  322. 

*"  Gcol.  Nat.  Hist.  Surv.  Min.,  Final  Rep.,  I,  p.  670. 

»"  Op,  cit.,  p.  386. 

»w  BuU.  Min.  Acad.  Sci.,  IV,  pp.  414-422. 

>»  BulL  Min.  Acad.  ScL,  IV,  No.  3,  pp.  414422. 

»»•  Op.  cit.,  page  420. 

!»•  Johnston,  Summary  R^>ort,  Can.  Geol.  Surv.,  1913,  pp.  173, 174. 
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A.    NEW  JERSEY 

1.  Fresh  Water  Formations 

Northern  New  Jersey  is  studded  with  glacial  lakes  left  after  the  retreat 
of  the  Wisconsin  ice  sheet.  Many  of  these  doubtless  contain  interesting  de- 
posits of  postglacial  life,  but  only  one,  White  Pond,  near  Marksboro,  Warren 
County,  has  been  critically  examined.  Leidy*"  and  Baker*^*  have  listed  the 
species  of  fossil  mollusks  found  in  this  small  lake.  These  are  indicated  below. 
Of  the  fourteen  species  listed,  Amnicola  and  Valvata  make  up  95  per  cent  of 
the  material,  dearly  showing  their  relative  abundance.  Galba  galbana  is 
now  of  more  northern  distribution  and  Amnicola  galbana  is  extinct. 

Pisidium  compressum  Planorbis  antrosus  striatus 

Amnicola  limosa  "      campanulatus 


"        galbana  **      deflectus 

Valvata  tricarinata  conjtisa  "      exaciwus 

"      tricarinata  infracarinata  Galba  galbana 
Physa  anciUaria  "    humilis  modicella 

ApUxa  hypnorum  Succinea  reiusa 
Planorbis  antrosus 

2.  Land  Formations 

The  mastodon  and  mammoth  have  been  found  in  a  number  of  localities  in 
New  Jersey,  within  the  glaciated  portion  in  the  northwestern  part  of  the  state. 
Nearly  a  hundred  years  ago,"'  the  skeleton  of  a  mastodon  was  found  three 
miles  southwest  of  Long  Branch,  in  the  County  of  Monmouth.  It  was  in  a 
marsh  which  presented  the  following  section: 

1.  Black  earth  containing  Mastodon 8  feet 

2.  Silicious  sand  with  rolled  pebbles 8    "    (usually) 

Marl  fonnation  10  to  30  feet 

Lockwood^*®  reports  three  additional  records  from  Monmouth  County. 
(1),  Fifteen  miles  south  of  Long  Branch,  in  swamp;  (2),  at  sea  off  Long  Branch 
and  in  a  peat  meadow  about  two  miles  west  of  Freehold,  resting  on  hardpan' 
beneath  peat.  Leidy^^^  also  reported  the  mastodon  from  Warren  County,  and 
Maxwell***  recorded  the  same  species  from  near  Hackettstown,  Warren  County. 
Stewart*®*  has  reported  the  mammoth  from  the  Morris  canal,  near  Schooley's 
Mountain,  Morris  County,  three  feet  beneath  the  surface. 

»"  Proc.  PhU.  Acad.,  II,  pp.  279-281, 1845. 

"•  Nautilus,  XVII,  pp.  38-39, 1903. 

"•  Ann.  Lye.  Nat.  Hist.,  I,  pp.  143-147, 1824. 

»••  Proc.  A.  A.  A.  S.,  XXXI,  pp.  365-366, 1882. 

J«  Proc.  Phil.  Acad.,  1870,  p.  96. 

>"  Proc.  Amer.  Phil.  Soc.,  IV,  pp.  118-121, 127, 1845. 

»•»  Amer.  Joum.  Sd.,  (i),  XIV,  p.  188. 
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The  reindeer  (Rangifer  tarandus)  has  been  found  near  Vincentown,  Burling- 
ton County,  in  green  sand  marl,  at  a  depth  of  four  feet.^"  The  fine  specimen 
of  Cervakes  americanus  {=scoUi)  described  by  Scott,^*  and  recorded  from  a  marl 
deposit  under  a  bog  at  Moimt  Hermon,  Warren  County,  six  miles  from  Dela- 
ware station,  on  the  D.L.  &  W.  R.R.,  is  also  to  be  included  in  the  postglacial 
fauna. 

3.  Plant  Remains 

Berry'*  has  recorded  a  few  species  of  plants  from  near  Long  Branch, 
Monmouth  County,  in  peat.    The  following  species  are  listed: 

Species  Present  range 

Juniperus?  virginianus?  (seed)  Canada  and  New  England  to  Florida 
Hicoria  glabra?  (seed) 

ViHs  aestivalis  (seed)  Not  now  ranging  N.  of  S.  Maryland 

"  pseudorotundifolia  (seed)  "     " 

Quercus  pkellos  "     " 

Taxodium  distichum  (cone  scaXts)  "     "  " 

Pinus  taeda  (cones  and  scales)  Northern  limit  Cape  May  Co.,  N.  J. 

Zizyhus  species  Mainly  tropical  and  not  now  found  in 

northern  coastal  plain. 

Berry  comments  as  follows  on  this  collection  of  plants:  "In  Europe  the 
last  glacial  retreat  was  succeeded  by  a  period  during  which  the  climate  was 
considerably  warmer  than  it  is  at  the  present  time  as  shown  by  the  extension 
of  various  members  of  the  existing  flora  for  many  miles  to  the  northward  of 
their  present  range. "  The  plants  from  the  Long  Branch  locality  are,  perhaps, 
subject  to  the  same  interpretation. 

B.  MASSACHUSSETTS 

Following  the  retreat  of  the  Wisconsin  ice  sheet  from  the  west-central 
portion  of  the  state,  several  lakes  of  good  size  were  formed  in  the  Connecticut 
Valley.  These  lakes  were  three  in  number,  were  confluent,  and  have  been 
christened  Hadley,  Springfield,  and  Montague.  In  Lake  Hadley,  great  delta 
deposits  were  formed  at  the  mouths  of  such  rivers  as  the  Manham  and  the 
Westfield,  and  these  were  later  covered  with  alternate  layers  of  fine  clay  and 
sand  in  which  certain  plants  were  entombed.  Of  these  deposits  Emerson 
writes  as  follows:^*^ 

"With  the  rise  of  each  spring  flood  a  new  layer  of  sand  and  gravel  was 
carried  across  the  delta  flat,  and  the  finest,  sand  was  spread  in  a  thin  layer  far 
out  across  the  lake  bottom,  dwindling  in  size  of  grain  and  thickness.    In  the 

!••  Leidy,  Proc.  Phil.  Acad.,  1858,  p.  179. 

«  Amer.  Nat.,  XIX,  p.  495,  1895. 

'»  Torreya,  X,  pp.  261-267, 1910. 

»»Holyoke  Folio,  U.  S.  G.  S.,  No.  50  p.  7;  Mon.  XXDC,  U.S.G.S.,  pp.  739-740. 
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winter  the  stagnating  waters  clarified  themselves,  and  the  layer  of  day  resiilted. 
It  is  on  the  surface  of  these  exceedingly  thin  sand  layers  that  fossil  leaves  occur 
in  the  days  exposed  along  the  river  bank  below  Hadley,  in  the  clay  pits  near 
the  asylum  in  Northampton,  at  the  Central  Railroad  station,  and  at  the  clay 
pits  near  Kellogg's  plane  factory  in  Amherst. " 

The  pl^ts  observed  in  these  deposits  have  been  identified  as: 

Viola  paluslris  Arctoslapkylos  dpina 
Vaccinium  oxycoccus  "         tMK^-wf  jr 

"         uliginosum  Salix  cuUeri^^uva-ursi) 

Oxygia  digyna  Lycopodium  selago 
Rhododendron  lapponicum 

These  vegetable  remains  represent  species  which  extend  well  into  the  boreal 
or  Arctic  zone  of  today,  and  they  apparently  lived  in  post-Wisconsin  time  not 
many  miles  south  of  the  melting  glacier. 

AUuvial  terraces  were  built  up  following  the  draining  of  the  Glacial  lakes 
and  on  these  the  waters  of  the  rivers  spread  layers  of  fine  sediment,  in  which 
some  of  the  biota  of  the  region  became  buried.  North  of  Hadley,  near  the 
mouth  of  the  Freshman  River,  several  sections  occur  which  reveal  the  old  bed 
of  this  river.  In  these  deposits  the  remains  of  both  plants  and  animals  have 
been  observed.    Ten  plants  and  five  insects  are  represented,  as  noted  below: 

Plants»«« 

Ranunculus  aquaiUis  Carya  amara{^cordiformis) 

Acer  saccharinum  Quercus  alba 
Prunus  virginiana  "    rubra  ambigua 

Platanus  occidentalis  Pagus  ferruginea(  «  grandifolia) 

Juglans  cinerea  Belula  alba 

Insects*** 

Saxinis  regularis  Dyiiscida  species 

Donacia  elongalula  Cymindis  extorpescens 

Corymbiles  aethiops  (recent) 
Large  quantities  of  fresh-water  mollusks  are  reported  from  a  marl  pit  on 
the  farm  of  Fred  Conant,  at  East  Shelbume.    Four  spedes  are  listed.***' 

Lymnea  (Galba)  elodes  Planorbis  partus 

Planorbis  trivolvis  Pisidium  lariabUe 

Many  years  ago.  Prime*'®  recorded  Pisidium  corUartum  from  postglacial 
deposits  in  Pittsfield.    A  mastodon's  tooth*"  was  found  in  a  muck  bed  on  a 

*••  Sampson,  Holyoke  Folio,  p.  7. 

»**Scudder,  Amer.  Journ.  Sci.,  (iii),  XLVIII,  p.  182,  Mon.  XXIX,  U.S.G.S.,  pp.  740- 
746. 

"••  Mon.  XXIX,  U.S.G.S.,  pp.  738-739. 

**'  Mon  Amer.  Corbie,  p.  73. 

*•*  Hitchcock,  Amer.  Journ.  Sci.,  (iii).  III,  p.  146. 
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farm  in  the  town  of  Coleraine  on  the  north  border  of  the  state.  The  bones  of 
this  animal  have  also  been  reported  from  Northborough,  Worcester  County.^"^* 
These  appear  to  be  the  only  records  of  the  presence  of  this  animal  within  the 
borders  of  Massachusetts. 

C.  CONNECTICUT 

Postglacial  records  of  life  from  land  or  freshwater  deposits  are  apparently 
rare  from  this  state.  Davis^**  thus  comments  on  a  peat  deposit:  "Near  New 
Haven,  in  the  marshes  of  Quinnipiac  River,  is  a  deposit  of  excellent  brick  clay, 
presumably  of  glacial  origin,  over  which  is  superposed  a  peat  bed  of  varying 
thickness.  The  removal  of  the  peat  to  work  the  clay  bed  by  the  brickmakers 
has  e3cposed  large  sections  of  peat  which  afford  opportunities,  unusual  in  the 
United  States,  for  studying  the  history  of  the  beds. 

"In  a  typical  section  at  the  brickyard  near  "Shutzer  Park"  the  peat  rests 
on  a  thin  bed  of  gravel  or  sand,  on  top  of  which  is  a  forest  soil  bed,  in  which 
there  are  stumps  of  trees  whose  roots  penetrate  the  underlying  gravel.  Above 
this  woody  stratum  the  peat  shows  flora  changing  gradually  from  forest  to 
fresh-water  sedge  marsh,  then  to  brackish,  and  finally  to  the  salt  marsh.  The 
stump-bearing  layer  is  now  several  feet  below  the  tide  level  of  the  undisturbed 
marsh.  The  clay  below  the  gravel  has  numerous  woody  roots  much  older 
than  those  in  the  gravel. " 

A  few  mammalian  remains  have  been  recorded  from  postglacial  deposits. 
The  bones  of  a  reindeer,  believed  to  be  Rangifer  taranduSy  have  been  found  in 
the  Quinnipiac  VaUey,  two  miles  south  of  New  Haven.  The  bones  were  7  and 
11  feet  below  the  surface.  ^•^^  The  most  perfect  skeleton  of  a  mastodon  yet 
found  in  New  England  is  reported  by  Lull^**  from  Farmington,  near  Hartford. 

D.  IOWA 

Along  the  Missouri  River,  in  Iowa  and  Nebraska,  deposits  of  alluvium  occur 
of  wide  extent  and  great  depth.  These  deposits  are  largely  referable  to  post- 
Wisconsin  time  and  their  biota  may  be  compared  with  that  found  within  the 
borders  of  the  last  great  ice  sheet.  Little  systematic  work  has  been  done  to 
differentiate  the  biota  of  the  various  deposits,  for  which  reason  most  of  the  lists 
of  species  are  imreliable.  Shimek,  however,  has  given  an  excellent  account  of 
post-Wisconsin  deposits  and  biota  which  occur  in  Harrison  and  Monona  coim- 
ties.  His  list  of  species  is  repeated  below.  As  is  usual  with  material  cast  up 
on  the  flood  plain  of  a  river  or  stream,  it  contains  both  terrestrial  and  fluviatile 
species,  indiscriminately  mixed.^*** 

"*•  Rice,  Authors  separate,  pp.  3-8, 1885. 
»"  Bull.  Geol.  Soc.  Amer.,  XXIV,  p.  700, 1913. 
"*■  Dana,  Amer.  Joum.  Sci.,  (iii),  X,  pp.  354-356. 
>"  BuU.  Geol.  Soc.  Amer.,  XXV,  p.  143, 1914. 
>"•  Iowa  Geol.  Surv.,  XX,  pp.  395-396, 405-410. 
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VaUonia  gracUicosla 

parvula 
Pclygyra  MrstUa 

tnonodofi 

muUilineata 

profunda . 
Bifidaria  armifera 

cofUracta 

perUodon 
Vertigo  ovaia 

"  tridentata 
VUrea  hammonis 
Euconulus  fulvus 
Zonitoides  arborea 

"       minuscula 
Pyramidula  cronkhitei  arUhonyi{  ■ 
Hdicodiscus  paraUdus 
Succinea  avara 

ovalis 

retusa 


9t 


tf 


if 


*t 


if 


ft 


it 


It 


Hdicina  occulta 
Galba  caperaia 

kumUis  modiceUa 
obrussa 
refiexa 
Aplexa  kypnorum 
Pkysa  gyrina 
"     integra 
Planorhis  anlrosusi—bicarinatus) 
trivoliis 
dilataius 


a 


it 


It 


yt 


exacuous 


11 


II 


parvus 
Pisidium  ahditum 
"        compressum 
striatella)  Sphaerium  simiU{^ sulcatum) 
Musculium  truncatum 
Lampsilis  anodontoides 
Quadrula  lackrymosa 
Eggs  of  small  snails 


The  remains  of  Bison  bison  have  also  been  found  in  the  alluvium  at  the 
following  localities: 

Jordan  Township,  Monona  County,  in  bank  of  Beaver  Creek. 

Hog  Creek,  Harrison  County,  in  gully. 

The  bones  were  associated  with  antlers  and  bones  of  the  Virginia  deer  and 
elk.  An  old  beaver  dam  was  found  at  a  depth  of  twelve  feet  in  the  Monona 
County  exposure.  Shells  and  bits  of  carbonized  wood  were  also  found  with 
the  bones,  which  were  buried  to  a  depth  of  15  feet  in  the  Monona  County 
locality.^" 

Two  miles  east  of  Bellevue,^"*  in  a  dark  silty  clay  deposit  in  a  low  terrace, 
six  species  of  mollusks  occurred.  The  deposit  is  believed  to  be  referable  to 
post- Wisconsin  time. 


Goniobasis  virginica 
Campdoma  decisa 
Physa  heterostropha 


Planorhis  triiohis 

Planofhis  antro5us{— bicarinatus) 

Sphaerium  striatinum 


Of  the  above  list,  Goniobasis  virginica  is  certainly  an  error,  that  species  being 
confined  to  the  Atlantic  drainage.  It  is  possibly  a  lapsis  pennae  for  Goniobasis 
livescens,  the  common  Mississippi  Valley  form  of  this  genus. 

iM  Shimck,  Iowa  Geol.  Surv.,  XX,  pp.  407-410. 

*•*•  Shaw  and  Trowbridge,  Galena-Elizabeth  Folio,  p.  7, 1916. 
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The  remains  of  elephants,  mastodonsi  and  other  mammals  have  been  noted 
in  several  places  in  Iowa,  in  strata  referable  to  post- Wisconsin  time.  Miss 
Anderson'*  and  Dr.  Hay**  mention  the  following : 

Mammut  americanum. 

Carroll  County.    Near  Carroll,  distal  end  of  a  tibia  (Hay,  page  381). 

DaUas  Comity.  Adel,  in  peat  deposit  filling  'kettle-hole'  on  Wisconsin 
drift;  a  complete  skeleton  (Calvin,  Bull.  Geol.  Soc.  Amer.,  XXn,  page  215; 
Hay,  page  382). 

Greene  County.    Scapula  and  humerus  from  Rippey.    (Hay,  page  382). 

Elephas  primigenius, 

Cerio  Gordo  County.  Near  Clear  Lake,  lower  jaw;  Mason  City  (T.  76 
N.,  R.  20  W.,  Sect.  11,  Mason  Township),  molar  from  Gabler  gravel  pit  (Hay, 
pages  85,  429). 

Floyd  County.  Marble  Rock,  teeth  and  tusk  from  gravel  pit,  deposit  in 
Wisconsin  valley  train  (Hay,  page  434). 

Lyon  County.  Rock  Rapids,  atlas  ia  gravel  at  depth  of  5  feet.  Vertebrae 
and  distal  end  of  himierus  from  same  sand  pit  at  depth  of  28-30  feet  in  Wis- 
condn  valley  train  (Hay,  page  439). 

Sac  County.  Marble  Rock,  teeth  and  tusk  from  gravel  pit,  deposit  of 
Wisconsin  valley  train  (Hay,  page  434). 

Bison  bison. 

Webster  County.  Second  terrace,  at  mouth  of  ravine,  two  and  one-half 
miles  north  of  Lehigh,  under  6  feet  of  silt.  Teeth  and  other  bones  with  articles 
of  Indian  workmanship  (Wilder,  Geol.  Iowa,  XII,  page  190;  Hay,  p.  315). 

Crawford  County.  Near  Deloit,  part  of  skull  in  canal  excavation  for  pur- 
pose of  straightening  Boyer  River;  probably  recent  (Hay,  page  315).        • 

Hardin  County.  From  well  near  Hubbard,  portion  of  skull  (Hay,  page 
315). 

Ovibos  moschatus. 

Fayette  County.  Clermont  Township,  section  35,  postion  of  skull  in 
clay  at  depth  of  about  26  feet  below  the  surface  (Hay,  page  297). 

Wapello  County.    Ottumwa,  portion  of  skull  (Hay,  page  297). 

A  goodly  number  of  vertebrate  records  are  known  from  Iowa,  which  are 
in  deposits  that  cannot  be  certainly  placed  in  any  interglacial  interval.  Many 
of  these  are  probably  of  post-Wisconsin  age;  others  have  doubtless  been  carried 
from  interglacial  strata  and  redeposited  in  the  beds  of  rivers,  on  sand  bars, 
and  in  other  places.  For  the  sake  of  completeness,  and  to  call  especial  atten- 
tion to  these  derelicts,  these  records  are  here  listed  (compiled  from  the  lists 
of  Anderson  and  Hay,  in  works  cited). 

*"  Augustana  Library  Publications,  V,  1905. 
»••  Hay,  Iowa  Geol.  Surv.,  XXIII,  1914. 
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MammtU  americanum. 

Benton  County.  From  alluvium  of  Bear  Creek,  near  Shellsburg,  rib 
and  tooth.  May  have  been  washed  from  some  inteiglacial  deposit  The 
region  is  covered  with  lowan  drift  overlying  Kansan  drift  (Anderson,  page  25; 
Hay,  page  380). 

Clinton  County.  Molar  from  near  Clinton;  near  Bryant,  tooth  in  gravel 
at  depth  of  8  feet  below  the  surface  (Hay,  page  380). 

Page  County.  Teeth  in  Nodaway  River  near  Clarinda  (White,  Iowa  Geol. 
Surv.,  I,  page  353;  Hay,  page  78). 

Polk  County.    Molar  from  vicinity  of  Des  Moines  (Elay,  page  390). 

Van  Bmren  County.  Molar  from  bed  of  Chequest  Creek,  near  Milton; 
from  near  Selma,  right  humerus  (Hay,  page  391). 

Wapello  County.  Six  miles  south  of  Ottumwa,  tusk  of  proboscidian, 
reported  as  mastodon  (Kansas  City  Review  Sci.  &  Ind.,  Ill,  page  242, 1879; 
Hay,  page  391);  near  Ottumwa,  ribs  and  innominate  bones,  the  latter  from 
the  Des  Moines  River;  from  gravels  along  Des  Moines  River,  near  Eldon,  a 
femur  (Hay,  page  391). 

Warren  County.  Tooth  from  Limestone  Creek,  one  and  one-half  miles 
west  of  New  Virginia  (Howe's  Annals  of  Iowa,  II,  page  102,  1883;  Hay,  page 
391). 

Elephas  primigenius. 

Des  Moines  County.    Near  Burlington,  molar  (Hay,  page  432). 

Dubuque  County.  Along  Illinois  Central  Railroad,  eleven  miles  west  of 
city,  molar  (Hay,  page  433). 

Fayette  County.    West  Union,  molar  (Hay,  page  433). 

Iowa  County.  Alluvial  deposits  along  Iowa  River  near  Marengo,  lower 
jaw  and  molars  (Hay,  page  436). 

Linn  County.  From  sand  in  bed  of  Cedar  Rapids  River,  near  Cedar  Rapids 
(southwest  quarter  section  27,  T.  83  N.,  R.  7  W.),  tooth  (Hay,  page  438). 

Louisa  County.  Near  Wapello,  tooth;  five  miles  northwest  of  Columbus 
Junction  (southwest  quarter  section  34,  T.  76  N.,  R.  5  W.),  teeth  from  a 
gully,  which  possibly  came  from  an  interglacial  deposit  (Hay,  p.  438). 

Polk  County.  Des  Moines,  near  Osceola  bridge,  teeth;  gravel  pit  at  north 
end  of  Sixth  Avenue  bridge,  teeth  and  femur  (Hay,  page  443);  Town  of  Polk, 
molar  (Beyer,  Iowa  Geol.  Surv.,  IX,  page  211;  Hay,  page  444). 

Tama  County.  Molar  in  bank  of  Iowa  River,  about  one  and  one-half 
miles  south  of  Tama  (Hay,  page  447). 

Elephas  columbi. 

Cherokee  County.  Three  miles  north  of  Cherokee,  molar,  in  Turner 
gravel  pit,  16  feet  below  the  surface  (Hay,  page  429). 

Clinton  County.    Molar  from  Clinton  (Hay,  page  430). 
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Davis  County.  In  Des  Moines  River,  six  miles  from  Floris,  molar  (Hay, 
page  432). 

Des  Moines  County.    Flint  Creek,  near  Burlington,  molar  (Hay,  page  432). 

Montgomery  County.  Near  Red  Oak,  molar  from  sand  in  bed  of  Nishna- 
botna  River  (Hay,  page  442). 

Polk  County.    Near  Des  Moines,  molar  (Hay,  page  444). 

Scott  County.    Big  Rock,  molar  (Hay,  page  447). 

Proboscidian  remains,  species  undetermined. 

Allamakee  County.  Near  Pottsville,  in  bank  of  Yellow  River,  teeth, 
lower  jaw,  tusks,  scapula,  some  leg  bones  and  vertebrae  (Hay,  page  427). 

Buchanan  County.  Five  miles  east  of  Winthrop,  in  peaty  layer,  head  of 
femur  (Hay,  page  85). 

Butler  County.    Near  pit  at  ClarksvUle,  portion  of  tusk  (Hay,  page  86). 

Cedar  County.  Near  Clarence,  in  bed  of  small  creek  (southeast  quarter 
section  6,  T.  81  N.,  R.  1  W.),  molars  (Norton,  Iowa  Geol.  Surv.,  XI,  page  377; 
Hay,  page  428). 

Cherokee  County.  Tusk  in  gravel  pit  of  Illinois  Central  Railroad,  on 
east  side  of  Little  Sioux  River  (Hay,  page  430). 

Clayton  County.  Wagner  Township  (sections  5,  16,  23,  T.  94  N.,  R.  5  W.), 
teeth  (Hay,  page  430). 

Clinton  County.    Clinton,  tooth  and  tusk,  in  Chicago  Academy  of  Sciences 

Dubuque  Coimty.  Horse  Shoe  Bluff,  three  miles  below  city,  tooth  (Hay, 
43).  p. 

Ida  County.    Tooth  of  proboscidian  from  Ida  Grove  (Hay,  page  86). 

Jackson  County.  Near  Maquoketa,  atlas  and  vertebrae  (Anderson,  page 
27;  Hay,  page  385). 

Jefferson  County.  Wahiut  Township  (northwest  quarter  section  28,  T. 
73  N.,  R.  8  W.),  m  bed  of  Wahiut  Creek,  jaw  of  Elephas  (Udden,  Iowa  Geol. 
Surv.,  Xn,  page  428;  Hay,  page  437). 

Johnson  County.  Near  Iowa  City,  tusk  from  bed  of  Iowa  River  (Hay, 
page  437). 

Marshall  County.  Near  Albion,  in  Iowa  River  (Anderson,  page  79;  Hay, 
page  441). 

Polk  County.  Femur  in  sand  bar  in  Raccoon  River  (Anderson,  page  34; 
Hay,  page  444). 

Scott  County.  From  farm  near  Buffalo,  molar  and  other  bones  (Hay,  page 
447). 

Lee  County.  In  Sugar  Creek,  near  Melrose,  molar  (Anderson,  page  28; 
Hay,  p.  437). 

Story  County.  Washington  Township,  near  Ames,  vertebrae,  part  of 
femur  and  tibia  (Stalker,  Iowa  Geol.  Surv.,  IX,  page  210;  Hay,  pages  82,  390). 
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Bison  species  (cf.  bison). 

Black  Hawk  County.  Bank  of  Cedar  River  near  La  Porte  City,  vertebrae 
(Hay,  page  316). 

Guthrie  County.    Bear  Grove,  molar  (Hay,  page  316). 

Tilton'***  reports  several  vertebrates  from  terrace  deposits  south  of  Dcs 
Moines  which  are  thot  to  be  of  Wisconsin  or  early  post-Wisconsin  age.  The 
following  species  are  mentioned: 

Bison  (metapodial  and  astragalus) 
Mastodon  or  Elq>hant  (tusk  and  large  bones) 
Rangifer  muscatinensis  (vertebra  and  piece  of  lower  jaw) 
Symbos  cavifrons  (atlas) 

£.    SOUTH  DAKOTA 

Todd^*^  records  the  presence  of  the  mammoth  {Elephas  coiumbi)  in  a  high 
terrace  just  east  of  the  Big  Sioux  River,  above  the  falls  and  opposite  the  City 
of  Sioux  Falls.  The  deposit  is  loamy  sand,  sixty  feet  above  the  river.  The 
bones  were  found  six  feet  beneath  the  surface  of  the  terrace. 

V.  The  Champlain  Substage 

Following  the  Algonquin  stage,  the  land  was  notably  depressed  and  partly 
submerged  by  an  aim  of  the  sea  which  filled  at  least  a  part  of  the  Ontario 
basin,  extending  up  the  Ottawa  Valley  past  the  City  of  Ottawa,  and  also 
occupying  the  Lake  Champlain  basin  and  extending  down  the  Hudson  River 
Valley  to  meet  the  sea  at  New  York.  It  seems  evident  that  the  subsidence 
of  the  land  was  rather  sudden  and  the  elevation  of  the  land  gradual,  a  condition 
indicated  by  the  nature  and  position  of  the  life  contained  in  the  deposits,  the 
deep  water  forms  overlying  the  boulder  clay,  while  the  littoral  fonns  are  near 
the  top  of  the  strata.  Dr.  J.  W.  Dawson  has  published  a  section  made  on 
Logan's  farm  which  brings  out  these  facts  graphically.*'* 

Soil  and  sand 1  ft.    9  in. 

Tough,  reddish  clay 0   "    J^  " 

Gray  sand,  with  few  specimens  of  Saxicava  rugosa  (^arcUca)  Mytilus  eduliSf 

Ifofoma  ;r(>fn^anitca,  and  Ifyaar^nana,  the  valves  generally  united 0   "   8    " 

Tough,  reddish  clay,  with  few  shells  of  i45tor<«/atir0it/faffa  and  Leia^tfofK^ica 1    "    1    " 

Gray  sand,  containing  detached  valves  of  Saxkava  rugosa,  Mya  iruncata,  Macoma 

groenlandica,    Trichotropis   horealis   and   Balanus   cremUus,  the  shells  in 

three  thin  layers 0   "    8    " 

Sand  and  clay,  with  few  shells,  principally  Saxicaia  in  detached  valves 1    "    3    " 

Band  of  sandy  clay,  full  of  Natica  clausa,  Trichotropis  horealis,  Fttsus  tornatus, 

Buccinum  undalum,  Astarta  laurentiana,  Balanus  crenatus,  etc.,  sponges  and 

'•••  Proc.  Iowa  Acad.  Sd.,  XXII,  pp.  233-236, 1915. 

»» Bull.  No.  1,  So.  Dakota  Geol.  Surv.,  pp.  125-126,  BuU.  158,  U.S.  Geol.  Surv.,  p.  85. 

»••  Can.  Nat.,  IV,  p.  25. 
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Fonminifera.    Nearly  all  the  rare  and  deep  sea  shells  of  this  locality  occur  in 

this  band - 0  ft.   3  in. 

Sand  and  day,  a  few  shells  of  Astarte  and  Saxicava,  and  remains  of  sea  weeds  with 

I^^o/iff  attached;  also  Foraminif era 2    "   0    " 

Stony  clay,  boulder  clay x   "    x 


f» 


Depth  of  section 7   "  8J^in, 

The  abundance  and  variety  of  the  fauna  found  in  these  beds  indicate  an 
extensive  duration  of  marine  conditions.  At  several  localities,  as  at  Mon- 
treal and  Logan's  Creek,  fresh  water  shells  are  mingled  with  the  marine  species, 
showing  that  rivers  and  streams  flowed  into  the  sea,  bringing  down  and  deposit- 
ing these  fluviatile  spedes.  In  the  present  connection,  only  those  localities  will 
be  considered  that  have  produced  a  mixed  fresh  water  and  marine  faima.  In 
the  Gulf  of  St  Lawrence,  and  on  the  Atlantic  coast  from  Maine  southward,  a 
great  many  postglacial  deposits  occur  which  contain  an  abundant  and  varied 
marine  faxma.*'* 

"*  See  the  foQowing  papers  relating  to  this  subject: 
Amer.  Nat.,  V,  p.  125,  1871  (Ontario  Co.). 

Bell,  Can.  Ged.  Surv.,  Rep.  1879,  pp.  1-37  C  (p.  32  Hudson's  Bay). 
Bell  Amer.  Joum.  ScL,  (iv),  V,  pp.  219-228, 1896  (Hudson's  Bay). 
Bell,  Geol.  Surv.  Can.,  Rep.  Prog.,  pp.  1-31CC,  1879  (p.  11,  Hudson's  Bay). 
Chahncrs,  GeoL  Surv.  Can.,  An.  Rep.,  VII,  1894,  M,  1896,  pp.  36, 37, 112, 127, 128, 134 
(New  Brunswick,  etc.). 

Clapp,  Bull.  Geol.  Soc  Amer.,  XVin,  pp.  505-556, 1908  (New  England) 

Dawson,  Amer.  Joum.  Sd.,  (ii),  XXV,  pp.  275-277, 1858  (Montreal). 

Dawson,  op.  cii.,  XXV,  pp.  200-202, 1883  (Ontario). 

Dodge,  Amer.  Joum.  Sci.,  (iii),  XLVn,  pp.  100-104,  1894  (Massachusetts). 

Ells,  Geol.  Surv.  Can.,  Rep.  1879-18180,  pp.  1-47D  (New  Brunswick). 

Ells,  op.  cii.  No.  977,  pp.  1-46,  1907  (Ontario  and  Quebec). 

Johnston,  W.  A.,  GeoL  Surv.  Can.,  Memoir  101,  pp.  25-32,  1917  (Ottawa). 

Little,  Bull.  Geol.  Soc.  Amer.,  XXVm,  pp.  309-322,  1917  (Waterville,  Maine). 

Low,  Geol.  Surv.  Can.,  Report,  1890-1891,  pp.  1-82  L,  1892  (Quebec). 

Low,  op.  cU.,  1887,  F,  pp.  1-19  (p.  18,  Hudson's  Bay). 

MerriU,  Ann.  N.  Y.  Acad.  Sd.,  HI,  pp.  341-364, 1886  (pp.  354-355,  Long  Id.) 

Packard,  Amer.  Joum.  ScL,  (ii),  XLI,  pp.  30-32, 1866  (Labrador). 

Perkins,  Rept.  State  GeoL  Vermont,  VI,  1907-1908,  pp.  76-112,  1908  (Vermont). 

Reis,  Bull.  N.  Y.  State  Mus.,  No.  12, 1895,  pp.  93-262  (p.  103  New  York). 

Sherman,  Amer.  Nat.,  VH,  pp.  373-374,  1873  (Maine). 

Shimer,  Post-Glacial  History  of  Boston,  Amer.  Joum.  Sd.,  (iv)  XL,  pp.  437-442,  1915. 

Stansfidd,  J.,  GeoL  Surv.  Can.,  Memoir  73,  pp.  65-68, 1915  (Montreal). 

Thompson,  Amer.  Joum.  Sd.,  (ii),  DC,  p.  262-263,  1850  (Vemiont). 

Upham,  Amer.  Joum.  Sd.,  (iii),  XXXVII,  pp.  359-372,  1889  (Massachusetts). 

Upham,  op.  cit.,  pp.  100-104  (Massachusetts). 

Whiteaves,  Ottawa  Nat.,  XX,  pp.  214-216, 1907  (Parkenham,  Ont.). 
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A.   TEE  OTTAWA  VALLEY 

One  of  the  best  known  localities  from  which  a  mixed  biota  has  been  ob- 
tained is  near  the  mouth  of  Green's  Creek,  where  it  enters  the  Ottawa  River, 
in  the  Township  of  Gloucester,  Carlton  Coimty,  from  six  to  ten  miles  below 
the  City  of  Ottawa.  The  fossil-bearing  stratum,  the  Leda  clay,  is  near  the 
water  level  and  in  the  fall  (usually  in  September)  when  the  water  is  low,  the 
shore  of  the  Ottawa  River  is  strewn  for  a  considerable  distance  with  the  fossils 
which  are  enclosed  in  hard  clay  nodules.*®*  The  following  localities,  all  in  the 
neighborhood  of  Ottawa,  have  yielded  fossils:  Besserer's  wharf;  creek  near 
bridge  at  Cyrville;  Graham's  brickyard,  Ottawa  East;  right  bank  of  Rideau 
River,  near  Manotick  Road;  Gatineau  Valley  railway,  half  mile  north  of 
Chelsea  station;  Odell's  brickyard,  Ottawa  East;  Wright's  brickyard,  north  of 
T6treauville,  Hull,  Quebec.  A  very  good  idea  of  the  life  of  the  Champlain 
substage  may  be  gained  from  a  study  of  the  fossils  assembled  in  this  vicinity. 
A  list  of  these  is  given  below: 

Land  and  fresh  water  biota  in  the  vicinity  of  Ottawa 

Terrestrial  Plaiits*» 

Arctostaphylos  uva-ursi  Gramineae  species 

Acer  saccharinum  Populus  balsanUfera 

"    spicatum  "       grandidentata 

Alnus  species  PotentiUa  anserina 
Betulalutea  "     norvegica 

Bromus  cUiattis  "     canadensis 

Carex  mageUanica  "     iridenUUa 

Cyperaceae  species  Thuja  occidentalis 

Gaylussacia  resinosa  Trifolium  repens 

Fresh  Water  Plants 

Drepanocladus  fluitans  ( ~  Hypnum)  Potamogeton  pectinaius 

Algae  species  "         natans 

Brasenia  pellala  "         perfoliatus 

Elodea  canadensis  "         pusillus 

Equisetum  scirpoides  "         rutilus 

"        limosum  Typha  laiifolia? 

"        sylvatkum  Vallisneria  spiralis 

Drosera  rotundifolia  "       species 

According  to  Penhallow,  the  vegetation  on  the  whole  is  about  the  same  as 
that  now  living  in  the  same  locality. 

Animals  (MoUusks) 
Planorbis  species  Lymnaea  slagnalis  appressa 

«»  Dawson,  Can.  Nat.,  N.  S.,  Ill,  p.  69;  Bell,  Geol.  Can.,  pp.  972-973;  Can.  Nat.,  V,  p. 
43;  Ami,  Rep.  Prog.,  Can.  Geol.  Surv.,  1899,  pp.  51-56,  G. 

««  Penhallow  and  Coleman,  Rep.  Brit.  A. A.  Sci.,  1898,  pp.  522-529;  1899,  pp.  411-414. 
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Insecta 
Tenebrio  caUidensis  Fornax  ledensis 

Byrrkus  oUawamsis  Pkryganea  ejecta 

At  Pakenham,  about  thirty  miles  west  of  Ottawa,  a  deposit  of  fresh  and 
brackish  water  moUusks  occurs.  The  section  in  which  these  shells  occur  con- 
tains the  following  strata: 

1.  Sand  and  surface  soil,  about 10  feet  0  inches 

2.  Clay " 10  "  0  " 

3.  Fine  gray  sand  with  shells  of  Valvata,  etc 0  "  2  " 

4.  Clay 1  "  0  " 

5.  Gray  sand,  laminated,  with  Tdlina 0  "  3  " 

6.  Clay 0  "  8  " 

7.  Light  gray  sand,  with  Valvata,  Sphaerium,  Amnicola,  Planorbis  and 

TeUina 0    "    10      " 

8.  Clay 1    "     2      " 

9.  Brown  sand  and  layers  of  clay  with  Planarhis,  Sphaerium 0    "     4      " 

In  the  bank  of  a  brook  emptying  into  the  Mississippi  River,  two  miles 
bdow  Pakenham,  shells  occur  in  a  deposit  of  sand  and  gravel  corresponding  to 
number  7  of  the  above  section.    Eight  species  have  been  identified.'^ 

Valvata  tricarinata  Planorbis  parvus 

Amnicola  limosa  poraia  Galba  elodes? 

Planorbis  bicarinaius  ( »  atUrosus)  Pyramidula  cronkhiiei  anthonyi 

"         irivohns  Tdlina  groenlandica{^Macoma  balthica 

var.  groenlandica) 

These  strata  doubtless  represent  diflFerent  periods  of  time  as  well  as  varying 
physical  conditions,  facts  attested  by  the  alternation  of  beds  of  clay  and 
sand.  The  locality  was  evidently  at  the  mouth  of  the  Mississippi  River  and 
the  water  was  fresh  or  only  slightly  brackish.  The  large  volimie  of  fresh 
water  which  was  constantly  discharged  thru  the  Nipissing  outlet  doubtless 
freshened  the  sea  for  a  long  distance.  This  whole  region  possibly  formed  an 
estuary. 

B.   MONTREAL  AND  VICINITY 

At  Montreal  fresh  water  shells  occur  mixed  with  marine  moUusks,  in  sandy 
strata,  immediately  above  the  Leda  clay.  As  suggested  by  Bell'"  these  shells 
might  have  been  washed  down  from  fresh  water  ponds  on  the  top  6f  Montreal 
Mountain,  which  rose  over  200  feet  above  the  level  of  the  Champlain  Sea. 
This  mountain  is  now  700  feet  above  the  level  of  the  sea  and  a  niunber  of 

*«  Dawson,  Can.  Nat.,  V,  p.  194;  IV,  p.  36. 
•«  Can.  Nat.,  VI,  p.  42. 
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ponds  ixcapy  the  highest  points,  and  contain  a  varied  moUuscan  fauna.  The 
fresh  water  and  land  fonns,  as  well  as  the  t3^ical  marine  species  found  in  these 
deposits,  are  listed  below: 

Fresh  Water  and  Land  Spedes  Marine  Species 

Gaiba  caperata  SaxkavA  arctica^^*^ 

"  umbrosa  {'^elodes)  Uac&ma  groenUmdica 

Spkaerium  tpccks  Mya  arenaria 

Thuja  ocddeniaU^  "    inmcaia 

Lofix  americana  Mytilus  eitdis 

Picea  nigra  Zostera  maHma 

Poptdm  gramdidefUata  Algae 
Mmyanikes  trifoliata 

The  marine  species  are  all  shallow  water  forms,  indicating  that  the  dq)osit 
is  the  Saxicava  sand.  In  the  day  beneath  this  deposit  Leda  partlandica  was 
found,  indicating  a  period  of  deeper  water  (the  Lada  day). 

C.   LAKE  ST.  JOHN 

Unio  shells  have  been  found  in  a  brickyard  at  Reberval,  on  Lake  St  John. 
The  strata  of  this  region  are  distributed  as  follows:^ 

1.  Peat  and  bogs  and  decomposing  vegetable  matter. 

2.  Lucustrine  and  fiuviatile  sands  and  days  sometimes  containing  sheUs  of  Unio.  Earoept 
for  the  presence  of  these  shells  it  would  be  difficult  to  distinguish  the  sands  of  this  series 
from  the  Saxicava  sands. 

3.  Saxicava  sand  and  Leda  day. 

4.  Boulder  day. 

5.  Decomposed  rock  in  situ. 

On  the  west  side  of  Lake  St.  John,  fresh  water  shells  have  been  observed 
in  day  beds  at  heights  of  25  and  30  feet  above  the  lake,  which  is  341  feet  above 
sea  level.  Marine  shells  have  been  observed  in  deposits  at  Chicoutimi,  some 
distance  down  the  Saguenay  River.  The  lacustrine  deposits  evidently  repre- 
sent a  time  later  than  the  Champlain  submergence  when  Lake  St.  John  stood 
some  40  or  50  feet  higher  than  at  present.  It  is  probable  that  the  land  had 
been  elevated  suffidently  to  cause  the  sea  to  retreat  far  enough  from  this 
region  to  hold  the  accumulating  fresh  water  at  this  height.  In  other  words, 
these  strata  were  formed  during  the  waning  of  the  Champlain  substage. 

***  In  Leda  day  at  Mile  End;  see  Geol.  Can.,  p.  976. 

>M^  For  a  full  list  of  the  Marine  fossils  from  this  locaiity,  see  Stansfield,  '15,  pp.  65-67. 

«•  Chahners,  An.  Rep.  Can.  Geol.  Surv.,  XVI,  1904,  pp.  250-263A,  1906. 
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D.   LAKE  CHAMPLAIN  VAIXSY 

Near  ClarencevQley  about  four  miles  north  of  the  Vermont  boundary  line, 
beds  of  fresh  water  shells  occur  about  ten  feet  above  Lake  Champlain.  The 
specimens  are  mixed  in  sandy  day  as  follows:^ 

LampsiUs  teniricosa  Macoma  groeniatdka 

Eurynia  recta  Mya  annatia 

Lynmaea  vpccicg 

As  Lake  Champlain  was  first  a  glacial  lake  and  later  a  marine  estuaiy,  itis 
possible  that  the  fresh  water  shells  occupied  the  former  and  the  marine  shells 
the  latter  body  of  water.  Additional  stratigraphical  data  and  material  are 
needed  to  satisfactorily  detennine  this  point 

The  marine  deposits  of  the  Champlain  Valley  have  not  been  studied  as 
thoroughly  as  have  those  of  the  St  Lawrence  Valley.  Evidences  of  the 
presence  of  the  sea  have  been  observed  in  the  northern  part  of  Vermont  and 
New  York,  bordering  Lake  Champlain.  Fossil  shells,  as  well  as  other  marine 
life  (including  the  bones  of  a  whale),  have  been  noted  at  the  following  locali- 

Vermont 

East  Pknton  (Elgin  Spring)  West  Milton 

Vergennes  Checkeibeny  Villafe 

Shdbume  (Mones  and  Shelbnme  Falls)  Swanton 

Chailotte  (Mntton  BSi)  Buriington 

Colchester  (MaDett's  Bay)  Ptoton 

New  York 

• 

Port  Kent,  Ointon  County  Norwood 

PlattsbuiiE^,  Clinton  County  IKHlsboro 

Ogdensbuig  Crown  Point  peninsula 

Fieydenbuig'B  Mills  on  the  Saranac 
\yi  zniles  below  Mooer's  Forks,  at  the  bend  of  the  Big  Chasy. 

£.  HASINE  DEPOSITS  OF  THE  ST.  lAWIlENCE  VALLEY 

Thruout  the  St  Lawrence  Valley,  east  of  Ottawa  and  Montreal,  many  de- 
posits occur  which  contain  the  remains  of  an  abundant  and  varied  fauna. 
None  of  these,  as  far  as  at  present  known,  contain  fresh  water  mollusks.  The 
most  important  localities  at  which  marine  fossils  have  been  found  are, 

Beauport,  near  Quebec.^^ 

•••  Dawson,  Can,  Nat.,  V,  p.  195. 

^  Baldwin,  Amer.  GeoL  Xm,  pp.  170-184;  Woodworth,  Bull.  N.  Y.  SUte  Museum, 
No.  83,  p.  49;  No.  84,  pp.  208-215. 

^  Dawson,  Can.  Nat.,  II,  p.  408;  Billings,  Can.  Nat,  I,  p.  338. 
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Cacouna,  and  Rivifere-du-Loup.*^ 

Tattagouche  River,  near  Bathnrst,  N.B.'^^ 

Bay  de  Chaleur,  Bonaventuie  District,  Quebec.^^^ 

Near  Greenville  on  the  River  Rouge.*" 

One  of  the  most  westerly  points  at  which  marine  fossils  have  been  found 
appears  to  be  Renfrew,  Ontario,  from  which  deposits  the  following  species  are 
recorded:*" 

Saxicava  arcUca 

Macoma  balikica  groeidandica 

MaHotus  mllosu^* 

F.  NEW  BRUNSWICK 

Marl  deposits  occur  in  New  Brunswick  and  on  Anticosti  Island,  but  no 
data  are  available  concerning  their  contents.  They  are  doubtless  of  post- 
Champlam  origin.  Dall*"  has  described  Galba  anHcosHana  from  Marl  Lake, 
Anticosti  Island,  associated  with  GMa  galbana.  Ells'"  refers  to  a  deposit  near 
BeUedune  Point,  which  is  2  feet  thick  and  is  overlaid  by  5  feet  of  peat.  Fresh 
water  shells  were  found  in  the  marl  bed.  Similar  deposits  occur  two  miles 
north  of  Charlo  Station,  in  the  bed  of  a  small  lake. 

G.   NOVA  SCOTIA 

The  mastodon  ranged  as  far  as  Nova  Scotia  in  post- Wisconsin  time,  the 
bones  of  this  animal  having  been  found  near  Lower  Middle  River  settlement, 
Victoria  County,  Cape  Breton  Island.  From  a  stratimi  of  sand  and  gravel 
beneath  5  inches  of  meadow  soil  a  molar  tooth  was  found  at  Baddeck,  Victoria 
County,  on  the  northwest  side  of  Little  Bras  d'Or  Lake.*' 

VI.  Wisconsin  Loess 

Both  the  early  and  late  Wisconsin  till  sheet  bear  evidences  of  loess  deposi- 
tion, clearly  showing  that  the  agencies  which  formed  this  characteristic  deposit 
have  been  more  or  less  active  thruout  the  entire  Pleistocene  period.    The 

»••  Dawson,  Can.  Nat,  N.  S.,  II,  p.  85. 

no  Paisley,  Can.  Nat,  N.  S.,  VII,  pp.  41,  268. 

»» Chalmers,  Can.  Nat  N.  S.,  X,  p.  193;  Matthew,  pp.  cit.,  VIII,  p.  104. 

»» Gcol.  Canada,  p.  973. 

«« Billings,  Can.  Nat.,  I,  pp.  338-346. 

*^*  Also  found  at  Flat  Rapids,  Madawaska  River. 

*»  Land  and  Fresh  Water  MoUusks,  p.  79. 

»•  Geol.  Surv.  Can.,  Rep.,  1879-1880,  p.  42. 

»» Kcrs,  Proc.  &  Trans.  Nova  Scotia  Inst.  Sd.,  XIII,  pt  2,  pp.  167-168. 


POSTGLACIAL  BIOTA  OF  THE  GREAT  LAKES  REGION  183 

WiscoDsm  loess,  however,  is  very  scanty  when  compared  with  the  great  loess 
deposits  of  the  interglacial  mtervals. 

A.  IOWA 

In  Clay  and  Obrien  counties,  northwest  Iowa,  on  the  edge  of  the  early 
Wisconsin  till,  loess  occurs  and  varies  from  several  inches  to  scHne  feet  in  thick- 
ness.   No  mollusks  are  reported.** 

B.  ILLINOIS 

The  early  Wisconsin  drift  bordering  the  Illinois  River  from  Peoria  to  Henne- 
pin received  a  partial  covering  of  loess.*^  This  loess  mantle  has  an  average 
thickness  of  2  to  6  feet,  and  in  some  places  attains  a  thickness  of  10  to  14  feet 
The  bulk  of  the  thicker  deposits  is  a  buff-colored  calcareous  silt,  often  contain- 
ing lime  concretions  and  the  sheUs  of  mollusks,  thus  closely  resembling  the  loess 
of  Iowa.  The  weathered  surface  is  brown  and  is  leached  to  a  depth  of  from  2 
to  4  feet.  No  lists  of  the  particular  species  contained  in  these  deposits  has 
been  seen.  Near  Palos  Park,  Cook  County,  a  loess  deposit  occurs  but  no  fos- 
sils have  been  observed.*** 

C.   WISCONSIN 

Loess  deposits  of  late  Wisconsin  age  have  been  reported  from  Wisconsin 
by  Prof.  Salisbury.^  Near  Green  Lake,  Green  Lake  County,  about  two  miles 
northeast  of  the  village  of  Dartford,  the  loess  rests  on  Wisconsin  drift  and 
is  150-200  feet  above  Green  Lake.  This  loess  contains  no  fossils,  but  at  the 
west  end  of  the  lake,  in  section  4,  on  a  slope  at  a  lower  level,  facing  the  lake,  the 
loess  contains  both  concretions  and  gastropod  shells.  The  character  of  the  mol- 
lusks is  not  stated  and  no  list  is  given.  Near  Devil's  Lake,  loess  occurs,  but 
without  evidences  of  life. 

At  Ablemans,  eight  miles  west  of  the  Wisconsin  moraine,  in  a  ravine  tribu- 
tary to  the  Baraboo  River,  the  loess  is  rich  in  concretions  and  gastropod  shells. 
The  bones  of  a  small  animal  were  also  found  10  feet  below  the  top  of  the  loess. 
At  Logansville  the  clay  in  the  valley  is  somewhat  loess-like,  is  distinctly  strati- 
fied, and  contains  shells.'''  This  deposit  is  probably  not  true  loess,  but  silt 
formed  by  streams. 

»»  Gcol.  Surv.  Iowa,  XI,*  p.  485. 

"•  Barrows,  Dl.  State  Gcol.  Surv.,  Bull.  15,  p.  48. 

^  Personal  communication  from  Dr.  W.  W.  Atwood. 

«  Joum.  GeoL,  IV,  pp.  929-937,  1896. 

*"  Salisbury,  op.  cU.,  p.  934. 
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Vn.  Systeicaxic  Catalog  of  the  Biota  at  Present  Known  from  the 

Postglacial  Deposits  Considered  in  this  Wore^ 

PLANTS 

bryophyta 

Hyfnaceaz 
DrepoModadus  jUdUms  (L.)  WaxnBt 
PlagiMecmm  denHctdaium  raseatmm  (Hampe)  B.  &  S. 

Cearaceae 
DIVISION  I.      PTERIDOPHYTA 

Faioly  Equisetacbak 

Eqmsttum  syhaticum  L. 

"        jUmMe  L,  (^Umosum  £.) 

"        scirpoides  Michz. 

Family  Lyoofqdiaceax 
Lycopodium  sdaio  L. 

DIVISION  n.      SPERMATOPHYTA 
GYMN06PERMAE 

Family  Pinaceae 
Pimus  ripda  MilL 

"     taeda'L. 
Pkea  manana  (MiU.)  BSP.  (-PtcM  nigfa  link) 

"    i^oiMieiim  (MilL)  BSP. 
Lofix  Uurkina  (DuRoi)  KodL  ("Larix  ameriama  Michz.) 
Abies  balsamea  (L.)  Mill. 
ToMfdiwrn  disiickum  (L.)  Richard 
Thtija  ocddenloHs  L. 
Jumperus  virgimaiM  L.  (?) 

ANGIOSPERMAE 

Famd:y  Typbaceax 
Ty^  ka^dia  L. 

Family  Najadaceae 

Peiamoietan  nakms  L. 

pafdiatus  L. 

"  pusittus  L. 

'*         naiku  WoUgang 

"  peainatus  L. 

If^as  sp. 

Family  Hydkochautaceae 

Elcd$a  canadensis  Mida. 
VaUisneria  spiralis  L. 

"*  Extinct  ^Mcies  are  preceded  by  an  *. 
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Family  Gsamineae 
Oryiopsis  asperifdia  Michz. 

Faioly  Cyfekaceae 
Canx  paupenuia  irrigua  (Wahknb.)  FenuOd.  (^mai^hmca  Mmml) 


•SScKf^ttj  species 

DICX)TYLEDONEAE 

Family  Saucaceae 

5iN«  iffo-Mm  Punh. 
Poptiku  gratididetUaia  Michz. 
"       balsamifera  L. 

Family  Juglandaceae 
Juffans  dnera  L. 

Carya  cordiformis  (Wang.)  EL  Koch. 
"     glabra  (MOL)  SpadL? 

Family  Betulacbab 

Behda  hOea  Michz. 

"     oOaL. 
i4/iHtf  q)ecie8 

Famay  Fagaceae 
Pagus  grandtfolia  Ehifa. 
*  Qyerctts  marcyana  PenhaDow 
"      albaU 

'*      rubra  ambigua  (Michz.)  Feraald 
''      pkOos  L. 

Family  Polygonacxae 
Osyria  digyna  (L.)  Hill 

Family  Nymfhaxcxae 

Brasema  scknheri  Omi^hk  i*^ pdkUa  ^PuiA.) 
Nymphaea  athcna  Ait 

Family  Ranchculaceae 
Ranunculus  aquatUis  capiUaceus  DC. 

Family  Deoseraceae 
Drosera  rduudifolia  L. 

Family  Platanaceae 
PUOanus  accidentalis  L. 

Family  Rosaceae 

PttenHtta  monspdiensis  norvegka  (L.)  Rydb. 

"       irideuiaia  Ait 

"       anserma  L. 

"       canadensis  L. 
Prunus  virginiana  L.  ^ 

Family  Legumingsas 
Tr^dium  repens  L. 
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Family  AcEKACBAK 

Auf  spicaium  Lam. 
'*    sacckarmumL. 

Family  Vitacbae 

Viiis  itsthaUs  Midiz. 

*  ViHs  pseudarotundifclia  Beny 

Family  Rramnaceae 
ZfcyAttS  species 

Family  Violacbae 
Viola  palusiris  L. 

Family  Ekicaceae 

Vaccimum  Mgmasum  L. 

"        osycoccus'L, 
Rhododendron  lappomcum  (L.)  Wahlenb. 
Arctastapkylos  alpina  (L.)  Spreng 

"  tna^ursi  (L.)  Spreng 

Gayhusacta  haccaia  (Wang.)  C.  Koch,  {^resinosa  T.ftG.) 

Family  Gentianacbae 
Menyanikes  tfifoUata  L. 

ANIMALS 

« 

MOLLUSCA 
CLASS  PELECYPODA 

ORDER  PRIONODESMACEA 

Family  Unionidae 

Pusconaja  undata  (Barnes)  Anodonta  caSaracia  Say  (^^fiuiiatOii) 

*'        saida(UiL)  "      grandisSa,y 

Crenodonia  peruviana  (Lam.) »-  plicaia,  Authors  "      grandis  foatiana  Lea 

"         undulaUi  (Barnes)  "      marginaia  Say  (^fragiUs} 

QuadnUa  pustulosa  (Lea)  Alasmidonta  marginaia  (Say) 
^'     puskdosa  sckoolcraflensis  (Lea)  "  cakeola  (Lea) 

"     lachrymosa  (Lea)  Ohovaria  circida  (Lea) 
"     metaneora  (Raf.)  "       dlipsis  (Lea) 

Rohmdaria  tubercidata  (Rafinesque)  Obliquaria  refiexa  (Rafineaque) 

Pldhobasus  (tsopus  (Green)  Amygdalonajas  degans  (Lea) 

Pleurobema  coccineum  (Conrad)  Nephronajas  UgamenUna  (Lam.) 

"        coccineum  fnagnalacuslris  (Simp.)  Propiera  alaia  (Say) 

EUipHo  crassidens  (Lam.)  Eurynia  iris  (Lea) 

"     gibbosus  (Bamts)  "     dlipsiformis  {Connd) 

"     complanatus  (Dillwyn)  ''     recta  (Lamarck) 

Lasmigona  compressa  (Lea)  LompsUis  luieoia  (Lam.) 

"     costata  (Rafineaque)  "     ventricosa  (Barnes) 

Anodontoides  subcylindraceus  (Lea)  "     anodonSoides  (Lea) 
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ORDER  TELEODESMACEA 

Family  Sfhaesiidae 


Sphaerkm  simile  (^y)'^  sulcatum  (Lam.) 

striatuium  (Lamarck) 

stamineum  (Conrad) 

slamineum  wisconsinensis  Sterid 

acuminatum  (Prime) 

soUdulum  (Prime) 

torsmm  Sterki 

lerissimwm  Sterki 

fiatum  (Prime) 

emarginatum  (Prime) 

rkomboideum  (Prime) 

occideniale  (Prime) 
MuscMwn  secure  (Prime) 

transversum  (Say) 

Iruucatum  (Linsley) 

partumeium  (Say)  ^orbicularis  Barrett 

rasaceum  (Prime) 
Fisidiium  abdihtm  (Haldeman) 
adamsi  (Prime) 
tM^om^f  a^n«  Sterki 
compressum  (Prime) 
compressum  confertum  Steiki 
compressum  laevigatum  Sterki 
compressum  illinoisense  Sterki 
contofftim  (Prime) 
costatum  Steiki 


•» 


>» 


»» 


»» 


If 


>» 


n 


»» 


y» 


>f 


» 


>f 


» 


f» 


»f 


If 


tf 


*f 


»> 


>» 


»• 


19 


>f 


»i 


Pisidium  fallax  Sterid 

kirklandi  Sterki 
mainense  Sterki 
ffi«tfumMffi  Steiki 
ma/Mnwrn  minutum  Steiki 
milium  (Haldeman) 
fiove6{^mcf»j«  (Prime) 
okioense  Sterki 
pauperculum  Steiki 
poUtum  Sterki 
poUium  decorum  Sterid 
fo^«r»  Sterki 
rolundatum  (Prime) 
sargenti  Steiki 
scukUatum  Sterki 
splendidulum  Sterki 
superius  Sterki 
lenuissimum  Sterki 
tenuissimum  caUareum  Steiki 
trapezaideum  Steiki 
triangidare  Sterki 
uUra-montanum  (Prime) 
variahile  (Prime) 
9erUricosum  (Prime) 
verUricosum  coskUum  Sterki 
vesiculare  Sterki? 


If 


If 


11 


1) 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


II 


idakoense  Roper 


II 


II 


tirginicum  (Gmelin) 


"       walkeri  Sterki 


Hdicina  occulaia  (Lamarck) 


Fleurocera  subulare  (Lea) 
devaSum  (Say) 


II 


Ammcola  limosa  (Say) 

Umosa  porata  (Say) 

limosa  parva  (Lea) 

cinciunaUensis  (Lea)  ^sayana  Anth. 

emar;»»ato  Kilstera"0(#ifja  Lea 

litflrfca  Pikbiy 

/etocmi  Walker 


11 


II 


11 


II 


II 


II 


CLASS  GASTROPODA 

ORDER  PROSOBRANCHIATA 

Family  HEuamDAE 

Family  Pleurocesidae 

Gomobasis  livescens  (Menke) 
depygis  (Say) 
Uiescens  niagarensis  (Lea) 
kaldemani  Tryon 

Family  Amnicolidae 

Amnicola  walkeri  Pilsbry 

"        gdlhana  (Say) 
Faludestrina  nickliniana  (Lea) 
Somalogyrus  integer  (Say) 

"  subglobosus  (Say) 

Pomaiiopsis  lapidaria  (Say) 
Pyrguhpsis  scalariformis  Wolf 


I) 


II 


II 


1B8 
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Viwipara  sub^futta  (Say) 

"       miertexta  (Say) 
Campehma  dedsum  (Say) 


yi 


n 


M 


Fd/sola  sincera  Say 
''      fnmm  Currier 
"      McorMoto  Lea 
"      hicofmaU  perdepressa  Walker 
tftesa  Drap? 


M 


Faicly  Vivipasidab 

Campdoma  iniegrum  (DeKay) 

iniegntm  obesum  (Lewla) 
xM&foUtf »M  (Anthony) 
nibs4fUdmm  exilis  (Anthony)? 

FAXiLy  Valvatidae 

Valvala  iricannaia  Say 

tricarinata  cotifusn  Walker 
tficaHnata  simplex  Gould 
tricarinata  umcarmatQ  DeKay 
IricaHnata  infracoHnata  Vanatta 


ft 


n 


» 


»> 


OKDEK  PULMONATA 


Faiolt  F&YBmAS 

^a  amciUana  Say 

Pkysa  walkeri  Crandall 

"     woffmiattaLetL 

"     i:yfNiaSay 

**     kOeroslropka  Say 

'*     tyrima  kOdrMiana 

"     integra  Haldeman 

''     dUpdca  Lea 

"     magaretuis  L^tL 

"     apUctoides  Stftiki 

"     sayii  T^ipan 

A.pl€XQ  kypHOfuiH  (L.) 

Ancyims  paraUdus  Haldeman 
ftviJamSay 
kwldandi  Walker 


f> 


» 


Family  Ancyudae 

Ancyius  fuscus  Adams 
Gimdlackia  tptdn 


Phmcfbis  triwohis  Say 
6tii«f€y»  Tryon 
campantdatus  Say 
antrosus  Cownd^bicarinaius  Say 
oiUrasus  striatus  Baker 
OiUrosus  anfistomus  Haldeman 
cfisto  Linn? 
crista  crisUUus  Dnp, 
rubeilus  SteAx 


n 


y» 


99 


99 


M 


_» 


» 


»» 


Faioly  Planoxbidax 

Planarbis  exacuous  Say 
i^/lec^ttf  Say 


» 


ft 


ktrsiOus  GouM  (-o^iu  Mailer?) 
aUissimus  Baker 
panms  Say 

^oniff  iirfroiMffm  Baker 
iMRiUJfcataBtfj  Cockerel 
5€fMailMMi  anmiera  (Say) 


>f 


i» 


» 


M 


Family  Lymnabidas 


Lymmata  siagnalis  appressa  (^y) 

Goffta  galbana  (Say) 

Fsmdtmiccmea  cdumdla  (Say) 

"     (foW  (Baker) 

AcOa  haldmam  (Desh.)  Binney. 

*     "     omHcosliana  (Oall) 

GoAa  cftA^roto  (Say) 

•     "     hakeri  (Walker) 

**    panaQjtai^tiueweaiattaWcAi 

''    Ao'tfslm  (Mailer) 

"    kumilis  modicOa  (Say) 

"    r^exa  (Say) 

"    kumUs  fustica  (Lad 

"     iMfAfffoAefim  (Baker) 

"     abrussa  (Say)  ^desidiosa  Authon 

"     caUiscopiim  (Say) 

"     dffussa  decampi  (Streng) 

"     emarginata  canademis  (So 

"     06fitfia  mffM  (Lea) 

by) 
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Caryddum  exiguum  (Say) 

VaUama  pamda  Steiki 
VaUama  pukheOa  (MUUer) 


Gasirocopta  corUracia^  (Say) 
"        tapponiana  (Adams) 
"        pmOodtm  (Say) 
"        corticaria  (Say) 
"        amUfera  (Say) 

Pupoides  margmaius  (Say) 


Succmea  ovalis  (Say)— oHiqua  Say. 
oMraSay 


Fakily  AmtXCUUDAB 

CaryMum  exUe  H.C.  Lea. 

Family  VAXxoNnoAE 

VaUonia  gracUicosta  Reinh. 

FaIOLY  PUFZUIDAE 

Vertigo  milium  Gould. 
ofotoSay 
morsei  SteAi 
tridentaia'W<M 
ehlior  Staki 

Stfcibilops  labyritUkico  (Say) 
"      affinis  Pislbry 

Family  Sitocikeidae 

Succinea  retusa  Say 


i» 


ft 


»» 


i> 


Pu9tcium  pygfiUBum  (Drap.) 
Spkyradiym  edenhdum  (Drap.) 
HtUcodiscus  paraUdus  (Say) 


»» 


» 


}i 


Gaslfodonta  Hgera  (Say) 
Zomkndes  minseula  Sterki 
"    lamsctda  Steiki 
"    arharea  (Say) 
Ettcanulus  fidvus  (Mdller) 
ckersifMS  (Say) 


»> 


Family  Endodontedae 

Pyramidtda  dUemata  (Say) 
sciiiaria  (Say) 
perspectiva  (Say) 
crankkitei  anthonyi  Pislbry 

Family  Zonitidae 

Eucomdus  sterkii  (Dall) 
r»/f M  hamm(mis  (Stidm.) 

wkeatleyi  (Bland) 

indeniata  (Say) 

f /k»A25t  Pilabry 
Omphalina  fidiginosa  (Griffith) 


» 


» 


f> 


» 


chersinus  pdygyrtUus  (Hlsbiy) 

Family  Limaodae 


Agriolimaxcampesiris  (Binney) 


Circinaria  cancaoa  (Say) 


Limacid,  species  indet. 
Family  CiRCiNAiamAE 


Pdygyra  manodon'  (Rackett) 
kirstUa  (Say) 
mUcheUiana  (Lea) 
dausa  (Say) 
thyroides  (Say) 
devaia  (Say) 
midUUneata  (Say) 
zd^to  (Binney)— «xo/^  Binn. 
pennsyhanica  (Green) 


}> 


If 


f> 


f> 


» 


91 


» 


9> 


Family  Helicidae 

Polygyra  albolabris  (Say) 

aiholabris  derUata  (Trycm) 
sayana  Ms-^wyi  (Binn.) 
profunda  (Say) 
»fi/{«cto  (Say) 
frauduUnUa  Pilsbry 
tfidetUata  (Say) 
pdUiata  (Say) 

Eggs  of  land  snail. 


i> 


I) 


» 


» 


i» 


» 


f} 


***  This  genus  was  previously  known  as  Bifidaria,    Gastrocopta  is  an  earlier  name. 
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AKTH&OPODA 
CLASS  CRUSTACEA 

ORDER  OSTRACODA 
CypristpedtB 

ORDER  DECAPODA 
Ca9hbarus  Uatidingi  acutus  (Girard) 

CLASS  DSrSECTA 

ORDER  COLEOPTERA 

Faioly  Bybxhtoae 

*  Byrrhus  oUawaetuis  Scudder 

Family  Chrysoueudae 

*  Saxinis  regularis  Scudder  *  Donacia  eUmgakda  Scudder 

"     proxima  Kirby 

Family  Elatesidae 

•  Fornax  ledmsis  Scudder  Corytkbiks  aetkiops  Hbtt? 

Family  Tenebsionidae 
^  Te9tdfrio  cakulensis  Soiddet 

Family  Carabidae 

*  Cymindis  extorpescens  Scudder 

Family  Dytiscidae 
Spedet  indet. 

ORDER  TRICHOPTERA 

Family  Phrygameidae 

*  Phryganea  ^ecta  Scudder 

ORDER  DIPTERA 

Unnamed  fragments 

VERTEBRATA 

CLASS  PISCES 

Family  Amudae 
Amia  calva  linn. 

Family  Siluridae 
Fragments  of  undetennined  species 

Family  Centrarchidae 
Lepomis  spedes 

CLASS  AVES 

Family  Anatidas 
Mergus  serraiar  (Linn.) 
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CLASS  MAMMALIA 

Family  Megathesiidae 

*  MegaUmyx  jejfersomi  (Dcsmarett) 

Family  Tayassdidae 

*  Platypmus  compressus  LeConte 
^  Uyiokyus  nasuius  (Lddy) 

Family  Cervidae 

Odoc&ileus  vkgimanus  (Zimmermaim) 
Cenus  canadensis  Endeben 
Rangier  caribou  (Gmelin) 

*  "    muscaUnensis  Lddy 

*  Cervalces  scotU  Lydekker 

*  "      barealis  Bensley 

Family  Bovidae 

*  Symbos  cavifroHs  (Lady) 
Oiibos  mosckatus  Zimmermaim 

*  Bodtkerium  sargerUi  Gidley 

*  Bison  UUifrons  (Harlan) 

"    bison  (Liim.) 

Family  Elefhamtidae 

*  Mammui  americanum  (Kerr) 

*  EUphas  ccHumbi  Falcoaa  ^jacksom  and  americanus. 

*  "      primigemus  Blumenbach 

Family  Musidae 
Fiber  zibetkicus  (Linn.) 

Family  Castoridae 
Castor  canadensis  Kuhl 

Family  Castokoididae 

*  Castoroides  ofnoensis  Foster 

Family  Canidae 
Cams  latrans  Say 

VIII.  SXTlOiARY 

The  data  embodied  in  the  previous  pages  may  be  summarized  imder  four 
heads:  1.  Duration  of  Glacial  Lakes;  2.  Repopulation  of  the  Glaciated  Area; 
3.  Variation  in  Climate  as  evidenced  by  the  Biota;  and  4.  Percentage  of 
Living  and  Extinct  Species;  the  Wabash  Fauna. 

^  1.  DURATION  OF  GLACIAL  LAKES 

It  is  believed  that  the  Glacial  Lakes,  while  but  temporary  from  a  geological 
standpoint,  still  persisted  for  a  period  sufficiently  long  enough  to  allow  living 
organisms  to  occupy  them  and  become  well  established.  The  length  of  time 
was  also  sufficient  to  permit  the  building  up  of  huge  beaches  and  the  cutting 
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of  tall  cliffs.  The  early  lakes  were  probably  of  short  duration  and  of  fluctuating 
size,  but  the  later  ones,  especially  the  larger  lakes  in  the  Huron-Erie-Qntario 
and  Michigan  basins,  existed  for  a  long  period  of  time. 

Of  the  Nipissing  beach  Taylor  says,^  ''It  is  altogether  the  most  remarkable 
littoral  feature  of  the  Great  Lake  region.  It  is  a  shore  line  well  advanced  to- 
ward old  age.  All  other  beaches  are  youthful  in  comparison.  .  .  .  Instead 
of  the  slender  spits  and  barrier  bars  of  the  Algonquin  and  the  other  beaches,  the 
Nipissing  has  what  may  be  called  barrier  plains,  made  up  of  many,  sometimes 
forty  or  fifty,  massive  beach  ridges  laid  one  against  the  other.  Many  ba3rs 
were  entirely  filled  with  these  beach  plains  and  others  were  cut  off,  so  S(^  to 
form  small  littoral  lakes.  Some  of  these  plains  are  a  mile  and  a  half  wide. 
In  some  instances  the  old  deltas  of  other  beaches  are  large  and  conspicuous, 
but  the  constructive  products  of  wave  action  have  no  comparison  to  those  of 
the  Nipissing  beaches. " 

2.    REPOPULATION  OF  THE  GLACIATED  AllEA 

It  may  be  stated  without  fear  of  contradiction  that  the  Wisconsin  ice  cap 
absolutely  exterminated  all  life  within  the  area  covered  by  this  huge  glader.*** 
The  area  covered  by  this  drift  sheet  is  shown  in  Plate  LVI.  In  the  Great 
Lakes  r^on  the  retiun  of  the  fresh  water  life  could  be  made  only  by  way  of 
the  larger  streams  forming  outlets  from  the  glacial  lakes,  such  as  shown  in 
Plates  L  and  LI.  From  the  Mississippi  Valley  the  biota  reached  Lake  Erie 
via  the  Fort  Wayne  outlet;  Lake  Michigan  by  the  Chicago  outlet;  Lake  Superior 
by  the  St.  Croix  outlet;  and  Lake  Agassiz  by  the  Lake  Traverse  outlet  An 
outlet  from  Green  Bay,  via  the  Wisconsin  and  Fox  rivers  is  also  believed  to  have 
afforded  means  for  reaching  this  portion  of  Lake  Michigan. 

The  data  considered  in  the  previous  pages  show  conclusively  that  the 
Chicago  outlet  was  used  by  the  fresh  water  biota  to  reach  the  Lake  Michigan 
basin,  and  that  the  Lake  Huron  basin  was  reached  via  the  Grand  River  outlet. 
No  direct  data  has  been  seen  relative  to  fossiliferous  deppsits  in  the  Fort 
WsLyne  outlet,  but  such  deposits  undoubtedly  exist  and  will  some  day  be 
brought  to  light.  It  is  believed  by  some  biologists,  including  the  writer,  that 
this  outlet  was  used  in  restocking  the  waters  of  Lake  Erie.^ 

The  present  distribution  of  the  naiad  fauna  of  the  Great  Lakes,  as  well  as 
the  distribution  of  the  fossil  fauna,   points   conclusively   to  a  postglacial 

»  Amcr.  Geol.  XVII,  pp.  398. 

^  Scharff,  in  his  work  "Distribution  and  Origin  of  Life  in  America''  states  his  belief  that 
there  was  an  unglaciated  region  in  central  North  America,  where  a  part  of  the  fauna  found 
refuge  during  this  cold  period.  He  believes  that  the  peculiar  naiad  fauna  of  Lake  Erie  is  a 
relict  Studies  in  the  geology,  as  well  as  the  present  distribution  of  the  naiad  fauna,  fail  to 
provide  data  for  this  theory. 

«"  See  Walker,  The  Nautilus,  XXVII,  Numbers  2,  3,  4,  5,  1903. 
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migration  also  from  the  southeast,  possibly  by  way  of  the  Mohawk-Trent 
outlet  (Plate  LU),  at  which  time  certain  species  characteristic  of  the  Atlantic 
faima  migrated  into  the  Huron  basin  and  have  now  reached  as  far  westward  as 
^eastern  Lake  Superior  and  the  Upper  Peninsula  of  Michigan.  EUiptio  cam- 
planatuSy  a  member  of  the  Atlantic  fauna,  is  found  as  a  fossil  as  far  west  as 
Simcoe  District,  Ontario  (town  of  Angus). 

The  two  faimas,  the  Mississippi  Valley  and  the  Atlantic  coastal  plain,  as 
represented  by  fossil  examples,  may  be  tabulated  as  follows.  The  Atlantic 
fauna  invaded  the  territory  north  and  east  of  Lake  Superior,  the  Lake  Huron 
region,  a  portion  of  the  Northern  Peninsula  of  Michigan  and  the  territory  east 
of  central  New  York. 

Mississippi  Valley  Atlantic  Coast 

Tusconaja  undata  

solida  

Crenodanta  peruviana  

"         undulaia  

Quadrula  pusPuhsa 

*.       pustidosa  schockrajtensis  

"       lackrymosa  

RfokuidaHa  Uiberculata  

PUuruhema  cocci$teym  

"         cocdneum  magnalacustris  ^ 

ElUplio  crassidens  

"      gibbosus 

EUiptio  camplanatus 

Sympkynata  cotnpressa  

"  cosUUa  

Anodonta  grandis  

"      grandis  footiana  

"      marginata  Anodonta  marginata 

, "      cataracta 

Anodonioides  subcyiindraceus  

Alasmidonta  marginaki 

"  calceola  

Obooaria  circula  

"       dUpsis  

Obliquaria  refiexa  

Amygdalonajas  elegans  - 

Proptera  alala  

Euryniairis  

"       elUpsiformis 

"       recta  

LampsiHs  luteola  Lampsilis  radiata 

"        veniricosa  

"        anodontoides  
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It  will  be  seen  that  the  greater  number  of  species  is  characteristic  of  the 
Mississippi  Valley,  16  genera  and  31  species  being  from  this  region,  while  but 
3  genera  and  4  species  are  from  the  eastern  fauna,  and  only  3  of  these  are 
strictly  confined  to  the  Atlantic  faimal  r^on.  The  inference  to  be  drawn 
from  these  data  is  obvious  and  is  in  complete  accord  with  Dr.  Walker's  re- 
marks on  the  distribution  of  the  recent  naiades  of  the  same  region.^  Equally 
interesting  data  could  be  provided  from  a  study  of  the  distribution  of  other 
groups  of  animals. 

3.  VAIUATION  IN  CLIMATE  AS  EVIDENCED  BY  THE  BIOTA 

Some  years  ago,  Dr.  T.  C.  Chamberlin^  made  the  following  statement, 
'^The  to-and-fro  movement  of  the  faunas  and  floras  introduced  into  the  record 
exceptional  superpositions  of  faimas  upon  one  another.  The  succession  was 
orderly  but  unusual.  Where  a  complete  record  could  be  made,  as  in  a  deposit- 
ing tract  just  outside  the  limit  of  the  invading  ice,  the  full  series  for  the  ad- 
vancing stage  of  an  ice  invasion  should  embrace  a  succession  of  faunas  and 
floras  ranging  from  the  temperate,  through  cold-temperate  and  sub-arctic, 
to  the  extreme  arctic  types,  while  a  full  record  of  the  retreating  stages  of  the 
ice  shoidd  embrace  the  same  series  reversed. " 

As  remarked  by  Dr.  Chamberlin,  this  theoretical  succession  is  rarely  per- 
fectly represented.  In  several  places,  however,  as  at  Chicago  and  some 
other  places,  a  partial  record  has  been  preserved,  and  a  characteristic  biota 
is  represented,  abundantly  supporting  the  statement  of  Dr.  Chamberlin.  At 
Chicago  a  series  of  deposits  are  superimposed  one  upon  another,  which  contain 
the  biota  of  several  climates.  The  lowest,  and  therefore  the  oldest  of  the 
retreating  series,  contains  two  spruces,  Ftcea  canadensis  and  Picea  marianay 
a  tamarack,  Larix  laricina,  the  balsam  fir,  Abies  balsamea,  the  arbor  vitae, 
Tkuja  occidentalis,  and  the  balsam  poplar,  Populus  balsamiferay  as  well  as  a 
molluscan  fauna  characteristic  of  a  cold-temperate  or  even  subarctic  zone. 
The  deposit  overlying  this  cold  fauna  is  filled  with  an  abundant  and  varied 
fauna  characteristic  of  a  temperate  climate  as  warm  as,  or  even  wanner,  than , 
that  of  today. 

That  there  was  a  period  during  which  the  climate  of  the  region  immediately 
adjacent  to  the  lower  Great  Lakes  was  somewhat  warmer  than  at  the  present 
time  is  apparently  evidenced  by  the  presence  of  a  peccary  {Platyganus  comr- 
pressus)  in  both  Michigan  and  northern  New  York.  The  Megalonyx  also  lived 
in  Ohio.  Deposits  in  northern  New  Jersey  contain  a  flora  the  species  of  which 
indicate  a  period  of  higher  temperature.  Of  the  9  species  represented  in  this 
deposit,  4  do  not  now  range  north  of  southern  Maryland,  and  1  (Zizyhus)  is 
mainly  tropical  and  is  not  now  rq)resented  in  the  northern  coastal  plain  (Vide 

»  Nautilus,  XXVn,  pp.  21,  30,  et  aeq. 

s*  Chambeilin  and  Salisbury,  Geology,  HI,  p.  487. 
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Berry).  In  Massachusetts  a  fossil  flora  indicates  a  subarctic  climate,  evidently 
living  not  far  south  of  the  retreating  glacier.  A  later  deposit,  not  far  distant, 
indicates  a  temperate  dirnate.  The  variation  of  dimatic  conditions  as  the 
huge  glader  retreated  to  the  northward,  is  thus  indicated  by  the  remains  of 
life  contained  in  the  deposits  left  by  the  glacial  waters. 

4.  PERCENTAGE  OF  LIVING  AND  EXTINCT  SPECIES 

Sixty-eight  species  of  plants  and  271  species  of  animals  are  represented 
in  the  deposits  overlying  the  Wisconsin  drift.  An  analysis  of  this  biota 
shows  that  of  the  plants  66  are  still  living  and  2  are  extinct.  Of  the  animals 
245  are  recent  and  29  are  extinct.  Among  the  animals,  the  mollusks  have 
231  living  and  7  extinct,  while  the  insects  have  7  extinct  and  3  living,  and  the 
mammals  have  13  extinct  and  8  living  spedes.  It  will  be  noted  that  the  in- 
sects and  the  mammals,  the  highest  and  most  complex  types  of  the  inverte- 
brate and  the  vertebrate  branches  of  the  animal  kingdom,  have  passed  thru 
the  greatest  changes  during  the  postglacial  period,  the  majority  of  the  species 
represented  being  extinct.  The  plants  and  the  mollusks  show  little  or  no 
change,  the  percentage  of  extinct  species  being  very  small. 

5.  THE  WABASH  FAUNA 

Recently,  Dr.  O.  P.  Hay'*^  proposed  the  name  Wabash  beds  for  the  dqx)sits 
laid  down  subsequent  to  the  retreat  of  the  Wisconsin  ice  sheet,  and  to  the  biota 
he  gave  the  name  of  Wabash  fauna,  believing  that  the  period  between  the 
waning  of  the  ice  sheet  and  the  historical  period  should  bear  a  name  and  be 
equivalent  in  value  to  the  intergladal  periods  between  the  different  ice  sheets. 
The  proposed  distinction  seems  appropriate,  especially  when  considered  in 
relation  to  the  insect  and  mammal  faunas,  which,  as  we  have  shown,  contain 
a  large  percentage  of  extinct  species.  The  same  relation  between  the  plants 
and  the  mollusks,  and  the  insects  and  mammals  continues  thruout  the  inter- 
gladal periods,  the  former  consisting  largely  of  species  now  living  while  the 
latter  are  made  up  largely  of  species  now  extinct. 

Among  the  vertebrates,  the  fish  and  birds  are  too  poorly  represented  to  per- 
mit of  generalizations.  Those  species  identified  are  all  living.  Of  the  mam- 
mals it  is  to  be  noted  that  the  megalonyx,  peccary,  extinct  musk-ox  and  bison, 
mastodon,  two  mammoths,  two  extinct  elk  (CenxUces),  an  extinct  caribou,  and 
the  giant  beaver  Uved  and  roamed  the  territory  left  bare  by  the  retreating 
glacier  for  a  long  period  after  the  ice  had  entirely  disappeared  from  the  Great 
Lakes  r^on,  and  it  would  be  difficult  indeed  to  declare  with  accuracy  just 
how  recently  some  of  these  animals  formed  a  part  of  the  existing  fauna  (see 
Chapter  Xn,  page  371). 

<M  Smith,  Mis.  CoU.,  No.  20,  p.  13, 1912. 
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The  biota  cataloged  in  the  previous  pages  forms  but  a  small  part  of  the  life 
which  actually  invaded  the  englaciated  territory.  Many  additional  species 
will  doubtless  be  found  as  more  attention  is  given  to  the  subject  and  more 
systematic  work  is  carried  on.  Careful  discrimination  of  the  different  strata 
of  old  lake  deposits  will  add  greatly  to  our  knowledge  concerning  the  succession 
of  faunas,  and  it  will  be  found  that  the  greatest  results  can  be  obtained  by 
stud3dng  the  material  from  the  modem  ecological  standpoint,  as  was  the  case 
with  the  Chicago  deposits  described  in  Chapters  I,  II,  and  III. 
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CHAPTER  V 

PREGLACIAL  CONDITIONS  AND  LIFE 

It  is  believed  that  the  area  covered  by  the  great  ice  sheets  had  been  sub- 
jected to  subaerial  conditions  since  the  close  of  the  Paleozoic  Era.  During 
this  vast  period  of  time  there  occurred  changes  of  level,  resulting  in  deepening 
or  otherwise  modif3dng  the  valleys  cut  by  erosion  and  subjected  to  atmospheric 
agencies.  Previous  to  the  Plebtocene  Period,  the  country  embraced  in  the 
northern  and  northeastern  portion  of  the  United  States,  as  well  as  in  British 
America,  had  been  reduced  to  a  condition  of  great  maturity,  or,  in  other  words, 
base  leveled,  producing  a  grandly  rolling  surface,  covered  with  a  deep  residual 
soil  and  subsoil. 

1.  Ancient  Drainages 

a.  the  basins  of  tiie  great  lakes  and  the  buried  river  valleys 

For  many  years  the  belief  was  held  by  the  majority  of  geologists  that  the 
basins  of  the  Great  Lakes — Superior,  Michigan,  Huron,  Ontario,  Erie — ^had 
been  scooped  out  by  the  great  continental  glacier.  Data  supplied  by  lake 
soundings  and  well  borings  have  clearly  indicated  that  this  theory  can  no  longer 
be  held,  and  that  these  lake  basins  represent  ancient  river  valle3rs,  occupied 
by  a  great  river  system  comparable  to  that  of  the  Mississippi  in  magnitude. 
These  valleys  and  their  connections  and  tributaries  have  been  carefully  worked 
out  by  Prof.  J.  W.  Spencer,  and  others,  and  are  graphically  shown  on  the 
accompanying  map,^    (Plate  LIV). 

r 

« 

>  J.  W.  Spencer,  The  Falls  of  Niagara.  Can.  Geol.  Surv.,  1907,  pp.  391-412. 
Diflcoveiy  of  the  Preglacial  Outlet  of  the  Basin  of  Lake  Erie. 

Pioc.  Amer.  Phil.  Soc.,  XIX,  pp.  300-337;  Second  Geol.  Surv.  Penn., 
R^t.  Progress,  1879,  QQQQ,  pp.  357406, 1881. 
High  Continental  Elevation  preceding  the  Pleistocene  Period. 

Bull.  Geol.  Soc.  Amer.,  VI,  pp.  141-166, 1895. 
Relationship  of  the  Great  Lake  Basins  to  the  Niagara  Limestone. 
Bull.  Geol.  Soc.  Amer.,  XXIV,  pp.  229-232, 1913. 
Newberry,  On  the  Origin  and  Drainage  Features  of  the  Basins  of  the  Great  Lakes.  Proc. 
Amer.  Phil.  Soc.,  XX,  pp.  91-95, 1883. 
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Toward  the  end  of  the  Pliocene  Period  the  entire  country  experienced  a 
considerable  elevation,  amounting  in  places  to  2500  or  3000  feet,  and  in  the 
Grand  Canyon  region  to  as  much  as  6000  feet'  This  elevation  initiated  a 
fresh  cycle  of  erosion,  which  was  not  finished  at  the  beginning  of  the  Glacial 
Period.  The  Grand  Canyon  is  an  erosional  result  of  this  uplift  On  the  At- 
lantic coast  the  evidences  of  such  an  uplift  are  found  in  the  submerged  canyon 
of  the  Hudson  River,  which  extends  to  the  edge  of  the  steq>  conti&jental  slope, 
about  105  miles  from  Sandy  Hook.  ''The  outennost  twenty-five  miles  are  a 
submarine  fjord  three  miles  wide  and  from  900  to  2250  feet  in  vertical  depth 
measured  from  the  crests  of  its  banks,  which  with  the  adjacent  flat  area  decline 
from  300  to  600  feet  below  the  present  sea  level"  (Upham).  Spencer*  later 
stated  that  the  floor  of  this  canyon  is  8736  feet  below  the  level  of  the  sea, 
and  the  walls,  at  the  deepest  sounding,  are  some  4000  feet  high  (or  deep), 
rivaling  in  magnitude  even  the  Grand  Canyon  of  Arizona.  Stolle^*  states  that 
the  Hudson  from  Corinth  eastward  flows  in  a  channel  cut  in  atn  intergladal 
interval.  "  During  an  interglacial  epoch  a  stream  from  the  north^  following  the 
course  of  the  preglacial  Luzerne  River,  was  diverted  from  the  6ld  channel  at 
Corinth  and  initiated  the  present  Hudson  valley  from  Corinth  eastward. " 

Submerged  fjord  outlets  have  been  observed  in  the  Gulf  of  Maine,  the  Gulf 
of  St.  Lawrence,  and  Hudson  Bay,  at  depths  of  2264,  3666,  and  2040  feet,  re- 
respectively.  Equally  striking  submarine  valleys  have  been  observed  on  the 
Pacific  coast  Just  outside  of  the  delta  of  the  Mississippi  River  a  submarine 
valley  3000  feet  in  depth  has  been  located  by  the  United  States  Coast  Survey. 
Similar  drowned  valleys  are  known  in  other  parts  of  the  country. 

An  elevation  of  2000  feet  would  raise  the  basins  of  the  Great  Lakes  suffi- 
ciently to  provide  the  necessary  grade  for  such  a  large  river  system.  SpencerV 
map  shows  a  large  stream,  called  the  Laurentian  River,  which  has  its  head 
waters  in  the  northern  basin  of  Lake  Michigan,  flows  thru  a  portion  of  Lake 
Huron  and  Georgian  Bay,  thence  to  Lake  Ontario  by  way  of  a  buried  channel 
passing  just  west  of  Lake  Simcoe  and  between  Newmarket  and  Richmond 
Hill;  thru  the  basin  of  Lake  Ontario  it  flows  eastward  at  the  base  of  a  submerged 
escarpment,  and  near  the  east  end  of  the  Lake  Ontario  basin  it  bends  to  the 
northeast  and  enters  the  St.  Lawrence  Valley  near  Kingston.  Two  tributaries 
join  the  main  river  in  the  Huron  basin,  one,  the  Huronian  River,  flows  thru 
Saginaw  Bay  and  another,  unnamed,  flows  from  the  St.  Clair  River  northward. 

A  large  river  S3rstem,  known  as  the  Erigan  River,  flows  thru  the  shallow 
Erie  basin  and  joins  the  Laurentian  River  in  the  Ontario  basin  by  a  buried 

'  Warren  Upham,  Amer.  Joura.  Sci.,  (iii),  XLI,  p.  36,  ei  seq.  Spencer  states  that  this 
elevation  may  have  been  as  much  as  9,000  feet. 

**  Glacial  Geology  of  the  Saratoga  Quadrangle.  Bull.  N.  Y.  State  Museum,  No.  183,  p.  31. 
•  Amer.  Joum.  ScL,  (iv),  XIX,  pp.  1-15, 1905. 
^  Falls  of  Niagara. 
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channel  cut  thru  the  Niagara  peninsula  about  fifteen  miles  west  of  the  present 
Niagara  River.  This  main  channel  has  several  buried  tributary  channels,  one 
of  which  is  in  the  f  onn  of  a  crescent  and  connects  with  the  Whiripool  canyon 
of  the  present  Niagara  gorge  and  with  the  drift-filled  Whirlpool-St.  David 
Valley.  Other  buried  river  valleys  occur  at  Port  Stanley  and  Victoria  in  the 
Erie  basin  and  at  Dundas  and  Hamilton  in  the  west  end  of  the  Ontario  basin. 
Lakes  Seneca  and  Cayuga*  are  believed  to  be  ancient  river  valleys  cut  in  the 
bed  rock  and  coimected  with  the  Laurentian  River  by  buried  channels.  At 
Cleveland  a  preglacial  channel  has  been  foimd  in  the  Cuyahoga  Valley,  and  the 
ancient  river  has  been  christened  the  Newberry. 

Ortmann*»  believes  that  the  north  and  south  portions  of  the  United  States 
were  separated  by  a  divide  consisting  of  the  Allegheny  Mountains  and  the 
Cumberland  Plateau,  which  are  thought  to  have  joined  the  Ozarks  and  the  high 
western  plains  in  front  of  the  Rocky  Mountains.  North  of  this  divide  the 
drainage  was  into  the  old  St.  Lawrence  system  and  south  of  the  divide  the 
drainage  was  into  the  Atlantic  and  the  Gulf  of  Mexico.  The  Tennessee  and 
Cumberland  rivers  are  thot  to  be  the  old  headwaters  of  the  Lower  Mississippi 
River  in  preglacial  times.  The  ice  sheet  is  believed  to  have  danuned  up  the 
rivers,  forming  lakes,  and  the  Upper  Mississippi  system  cut  through  the  divide 
between  the  Ozark  Mountains  and  the  Cumberland  Plateau.  The  present 
distribution  of  the  fresh  water  mussels  and  the  crawfiishes  suggest  such  a  pre- 
glacial and  postglacial  history,  these  groups  of  animals  being  strongly  affected 
in  their  distribution  by  the  glacial  changes. 

b.  ANCIENT  RfVERS  WITH  REVERSED  OR  ALTERED  MODERN  DRAINAGE 

Several  modem  rivers  are  made  up  in  part  of  the  reversed  tributaries  of 
this  ancient  Laurentian  River.'  The  upper  Allegheny  has  been  shown  to  be 
the  upper  portion  of  an  ancient  river  which  flowed  northward  and  entered  the 
Erie  basin  east  of  Dunkirk,  New  York(  Carll  River).  The  upper  Ohio,  includ- 
ing the  Monongahela  and  the  lower  Allegheny,  also  flowed  northward  thru  the 
Grand  River  and  entered  the  Erie  Valley.  This  old  stream  has  been  named 
the  Spencer  River.  ^  The  Genesee  River  is  a  preglacial  stream  (one  of  the  few 
retaining  the  preglacial  northward  direction  of  flow)  which  has  been  forced 
by  the  drift  deposits  to  cut  a  new  canyon-like  channel  at  Portage  and  Rochester. 
Irondequoit  Bay  is  believed  to  be  the  outlet  of  the  preglacial  Genesee  River.' 

In  Ohio,  Lidiana,  and  Illinois,  ancient,  now  buried,  river  channels  have  been 
discovered  by  means  of  well  borings.    In  Ohio  a  wide  area  has  been  studied 

• 

•  Tarr,  Bull.  Geol.  Soc.  Amer.,  V,  pp.  339-356. 

•  Chamberlin  and  Leverett,  Amer.  Joum.  ScL,  (iii),  XLVII,  pp.  247-283, 1894. 
••  Topog.  Geol,  Surv.  Penn.,  1910, 1912,  Appendix  E,  p.  138, 1912. 

»  Forahay,  Amer.  Jour.  Sci.,  (iii),  XL,  pp.  397-403, 1890. 

•  Fairchild,  Proc.  Roch.  Acad.  Sci.,  Ill,  pp.  236-239, 1906;  Chadwick,  Proc.  Roch.  Acad. 
Sci.,  V,  pp.  123-160, 1917. 
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and  many  channds  have  been  mapped,  indicating  the  pregiadal  drainage 
systems  of  the  Ohio,  Muskingum,  Great  and  Little  Miami,  Mad,  Wabash, 
Vennilion,  Black  and  Rocky  rivers,  besides  numerous  smaller  streams.*  These 
buried  valleys  indicate  changes  of  channel  in  many  places,  the  change  in  some 
instances  being  notably  marked.  Several  streams  vdth  a  present  southward 
drainage  are  shown  to  have  drained  northward  in  pregiadal  times.  In  southern 
Indiana,  the  lower  Wabash  and  its  tributary  rivers,  as  well  as  the  Ohio  River, 
flowed  in  pr^ladal  channels  which  are  now  drift-filled  and  the  present  streams 
have  excavated  new  channels  for  the  most  part.^^  The  Ohio  River  did  not 
exist  at  that  time  as  a  separate  stream.  Its  present  channel  was  occupied  by 
a  series  of  disconnected  water  courses,  varying  in  size  from  small  ravines  to 
large  rivers.  Many  of  the  streams  in  West  Virginia  and  Kentucky  flowed 
northward  across  Ohio,  using  the  drainage  channels  now  occupied  by  streams 
flowing  in  the  opposite  direction.  Presiunably  they  entered  river  channels 
now  the  site  of  the  Great  Lakes  and  the  Wabash  River.^^ 

In  western  Illinois  a  river  system  composed  partly  of  the  present  Pecatonica, 
Rock,  and  Illinois  rivers,  has  been  more  or  less  perfectly  worked  out  by  Leverett 
and  other  geok)gists.^'  The  drainage  was  southward  and  indicates  that  the 
Mississippi  above  the  Rock  Island  rapids  turned  southeast  and  joined  the 
southward  trunk  of  the  Rock  River  (in  a  pregiadal  channel)  near  the  Town  of 
Ohio,  the  combined  streams  forming  a  large  river  (the  pregiadal  Illinois) 
which  joined  the  modem  Illinois  bdow  Hennepin.  Well  records  made  in 
Iroquois,  Champaign,  Livingston,  and  McLean  counties  indicate  that  an  old 
valley  extends  southward  from  Lake  Michigan  thru  portions  of  these  counties. 
At  Chatsworth,  Livingston  County,  its  depth  is  200  feet,  and  at  Bloomington 
the  trough  is  250  feet  deep.  Between  Onarga  and  Gihnan  it  is  268  feet  and 
near  Spring  Creek  station  it  is  over  400  feet  beneath  the  surface.^'  Similar 
buried  channels  are  known  in  the  region  bordering  the  southern  shore  of  Lake 
Michigan.^^ 

In  Iowa  a  number  of  pregiadal  river  channels  have  been  traced,  especially 
in  the  southeastern  portion  of  the  state,  where  the  Mississippi  and  tributary 
streams  have  been  shown  to  have  occupied  other  and  larger  valleys  in  pregiadal 

•Tight,  Bownocker,  Todd,  Fowke,  The  Preglacial  Drainage  of  Ohio,  Special  Papers, 
No.  3,  Otao  Acad.  Sci.,  1900. 

>•  Leverett,  Illinois  Glacial  Lobe,  plates  8  and  9;  pp.  93, 96, 102,  etc. 

u  Tight,  Professional  Papers,  U.  S.  G.  S.,  No.  13.  The  map,  plate  1,  indicates  the  pregia- 
dal drainages  of  these  rivers,  which  are  given  names.  Two  of  the  rivers  seem  to  have  been 
christened  already.  Thus  Tight's  Pittsburg  River  seems  to  be  the  same  as  the  Spencer  River 
of  Forshay,  and  the  Cuyahoga  is  the  same  as  the  preglacial  Newberry  River. 

^  m.  Gladal  Lobe,  plate  12. 

»  See  Geology  of  Oliio.  II,  pp.  13-14;  Bradley;  Geol.  lU.,  IV,  pp.  229-230, 1870. 

>«  See  Chapter  UL 
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times.^  Near  Des  Moines  a  number  of  preglacial  ''cut-outs"  have  been  located 
while  sinking  mine  shafts.  Other  buried  channels  have  been  found  in  different 
parts  of  the  glaciated  territory,  but  they  need  not  be  referred  to  at  this  time. 
In  southeastern  Wisconsin,  Alden"*  has  traced  a  number  of  preglacial  channels 
buried  beneath  glacial  till,  several  of  these  draining  into  Lake  Michigan. 

A  few  years  ago,^*  Prof.  A.  W.  Grabau,  using  the  data  published  by  Spencer 
and  other  geologists,  worked  out  a  theory  of  preglacial  drainage,  in  which 
the  main  or  consequent  streams  are  made  to  flow  southwestward,  or  in  a  trans- 
verse direction  to  the  Niagara  cuesta.  Four  streams  are  postulated;  (1)  a 
stream  flowing  thru  the  narrow  straits  of  Mackinac  into  the  Lake  Michigan 
basin;  (2)  a  large  stream,  the  Saginaw  River,  flowing  southwestward  thru 
Georgian  Bay  and  Lake  Huron;  (3)  a  large  river,  the  Dundas,  flowing  from  the 
highlands  of  Canada  thru  the  western  end  of  the  Ontario  basin,  thence  by  the 
buried  Dundas  Valley  to  the  Erie  basin;  and  (4)  the  ancient  Genesee  River, 
flowing  across  the  Ontario  basin  into  southern  New  York.  These  four  major 
streams  are  shown  by  later  adjustment  (principally  piracy)  to  develop  into 
two  lai^ge  river  systems,  the  Saginaw  and  the  Dundas  (Plate  LV).  The  valleys 
of  Ca3ruga  and  Seneca  lakes  are  made  to  contain  southward  flowing  streams 
and  the  beheaded  Genesee  flows  southward.  This  theory  of  Tertiary  drainage, 
while  highly  ingenious,  does  not  seem  to  accord  with  the  known  data,  when 
surveyed  as  a  whole,  as  well  as  does  that  of  Spencer.  The  indicated  direction 
of  the  Genesee  River  is  not  in  accord  with  the  facts  as  presented  by  an  eicamina- 
tion  of  the  territory,  nor  does  Prof.  Grabau  give  sufficient  weight  to  the  old 
valley  of  Irondequoit  Bay  which  has  been  shown  by  Fairchild  to  be  the  ancient 
outlet  of  the  Genesee.  The  buried  channel  between  the  Erie  and  Ontario 
basins,  which  is  given  such  weight  by  Spencer,  is  not  given  sufficient  promi- 
nence in  this  theory. 

Miller^**  considers  Grabau' s  interpretation  more  tenable  than  Spencer's 
theory  of  a  preglacial  St.  Lawrence  drainage.  The  St.  Lawrence  is  said  to  be 
almost  certainly  postglacial  in  its  course  at  the  Thousand  Islands  as  shown 
by  the  lack  of  any  real  chaimel,  and  by  the  presence  of  a  belt  of  hard  pre- 
Cambrian  rock  extending  across  the  river  and  connecting  the  Adirondacks 
with  the  Canadian  pre-Cambrian  rocks.  This  hard  rock  belt  is  thot  to  have 
formed  a  preglacial  divide  until  the  recent  formation  of  Lake  Ontario  and  the 
downwarping  of  the  land,  which  allowed  the  drainage  to  pass  over  the  divide 
for  the  first  time  (p.  82).    The  drainage  of  the  St.  Lawrence  is  believed  to  have 

"  See  Iowa  Geol.  Surv.,  Ill,  pp.  239-255,  1895;   also  Leverett's  111.  Glacial  Lobe,  pp. 
468-469;  Keyes,  Iowa  Geol.  Surv.,  11,  pp.  183-185, 292, 346, 1894. 
**  Professional  Papers,  U.  S.  Geol.  Surv.,  106,  pp.  102-128, 1918. 
**  GeoL  and  Pal.  of  Niagara  Falls  and  Vicinity,  pp.  37-54. 
^  Bull.  N.  Y.  State  Museum,  No.  168,  pp.  82-86;  96-107, 1913. 
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ben  southwestward  into  the  Mississippi  River.  A  pregladal  R<»ne  River 
is  thot  to  have  flowed  thru  Oneida  Lake,  and  Black  River  flowed  northward 
into  the  St  Lawrence.  Rivers  in  the  Cayug^^  Seneca,  and  Genesee  valleys 
are  believed  to  have  flowed  northward  into  the  St  Lawrence  River. 

Investigations  by  Leverett^^  and  other  gladologists  indicate  that  some  pre- 
glacial  streams,  especially  in  southern  Michigan  and  northeastern  Illinois, 
had  a  southerly  direction  and  flowed  into  the  Gulf  of  Mexico.  Whatever  the 
direction  of  the  drainage  of  this  r^on  may  have  been  does  not  materially 
affect  the  established  fact  that  the  Great  Lakes  were  once  river  valle3r5  and 
that  they,  together  with  the  buried  river  channels,  formed  avenues  by  which 
the  pregladal  biota  spread  over  the  country. 

2.  Pregiacial  Life  of  the  Glaciated  Area 

In  the  preceding  pages  it  has  been  shown  that  previous  to  the  advent  of 
the  Glacial  Period,  the  physiogrs^hy  of  the  country  was  quite  mature  and  that 
large  river  systems  occupied  extensive  river  valleys.  If  the  physical  features 
were  of  such  maturity,  it  follows,  obviously,  that  the  biota  was  equally  mature. 
Unfortunately  the  data  bearing  upon  this  point  is  of  the  most  meagre  character, 
as  only  a  very  small  portion  of  the  surface  was  left  intact  by  the  first  ice  inva- 
sion, and  the  diversity  of  the  biota  can  be  judged  only  by  the  life  contained  in 
dqx>sits  laid  down  beyond  the  limits  of  gladation  or  in  the  first  interglacial 
deposits  of  the  Af tonian  stage. 

Among  the  mammals  the  sloths,  Megalonyxy  Mylodon,  and  Megatherium, 
several  species  of  the  horse,  Equus,  members  of  the  cat  and  dog  families,  the 
hornless  rhinoceros,  the  tapir,  the  peccary,  numerous  species  of  deer,  rodents, 
some  of  gigantic  size  and  the  proboscidians,  the  mastodon  and  mammoths, 
roamed  over  the  country  in  great  numbers.  Of  invertebrates,  little  is  definitely 
known,  tho  it  is  believed  that  the  moUuscan  fauna  differed  but  little  from  that 
of  today.  The  insect  fauna  is  said  by  Scudder  to  be  composed  largely  of 
extinct  species. 

According  to  Penhallow,^^  a  forest  of  great  denseness  extended  far  into 
the  Arctic  regions,  consisting  of  such  species  as  beech,  sycamore,  tulip  tree, 
oak,  sweet  gimi,  walnut,  magnolia,  and  many  others.  A  temperate  climate, 
very  much  warmer  than  now  and  somewhat  subtropical,  extended  to  the 
northern  boundary  of  the  United  States,  as  shown  by  fossil  plants  about  the 
Arctic  regions.  An  Arctic  bog  flora  must  have  existed  north  of  this  great 
forest,  in  polar  lands. 

Data  concerning  the  life  immediately  preceding  the  first  glacial  invasion 
a^  rare  and  meagre.  Some  remaius  of  life  found  in  caves  not  far  removed 
from  the  border  of  the  ice  have  been  thot  to  be  pregiacial,  but  the  exact  age 

"  Mich.  Acad.  Sci.,  12th  An.  Rep.,  p.  22, 1910. 
"  Trans.  Roy.  Soc.  Can.,  X,  pp.  56-74, 1904. 
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is  quite  uncertain;  in  some  instances  the  time  of  deposition  may  have  been 
much  later.  A  few  of  these  supposed  preglacial  deposits  may  here  be 
considered. 

a.  FISH-HOUSE  CLAY  PLOJtA  AND  FAUNA,  NEW  JERSEY 

Many  years  ago,  Prof.  E.  D.  Cope  obtained  from  a  deposit  at  Fish-house, 
Camden  County,  a  number  of  fresh-water  river  mussels  {Uniomda)y  associated 
with  the  remains  of  an  extinct  horse,  which  were  described  by  Lea^*  and 
referred  to  the  Cretaceous  horizon.  Later,^  Whitfield  fully  described  and 
illustrated  these  species  and  added  two  more,  considering  them  as  belonging, 
stratigraphically,  near  the  base  of  the  New  Jersey  Cretaceous.  Prof.  Cope^ 
and  Dr.  C.  A.  White,^  in  later  publications,  have  considered  the  deposits  as 
of  Pliocene  or  Pleistocene  age.  Dr.  H.  A.  Pilsbiy^  considers  the  deposit  as 
"either  inter:g^ial  or  preglacial  and  a  divergence  of  a  part  of  the  spedes  from 
the  most  allied  forms,  as  well  as  the  fact  that  the  fauna  was  an  abundant  one, 
composed  of  large  and  well-developed  individuals,  point  rather  to  preglacial 
than  to  intergladal  conditions. " 

i.  Section  of  Strata  at  Fish-hous^^ 
Well  section 

1.  Top  son - 3)^  feet 

2.  Moulding  sand IH    " 

3.  pnc  gravel 4       " 

4.  Fine  clayey  sand 4       " 

5.  Heavy  gravel  with  large  pebbles....  IH    "       * 

6.  Black  or  blue  clay 5^  *'    Equus  above  shell  bed;  Unios  near  base  of 

bed;  plants  thruout  bed. 

7.  Ironstone  crust , H    '* 

8.  Dark  sand 2}4    "  Cross  bedded. 

9.  Fine  light  sand. 4       " 

10.  Dark  sand 3       " 

11.  Light  sand  and  gravel 3       " 

Hei^t  of  section 33      feet 

The  cross  bedded  sand  stratum  imder  the  clay  deposit  indicates  that  it  was 
laid  down  in  "a  former  Delaware  River  bed,  the  river  at  that  time  flowing  in  a 

»  Proc.  Phil.  Acad.  Sd.,  1868,  p.  162. 

^  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Maris  of 
New  Jersey,  pp.  243-252. 

»  Trans.  Amer.  Phil.  Soc.,  XIV,  pp.  249-250, 1869. 

^  3rd.  An.  Rep.,  U.  S.  G.  S.,  1883. 

»  Ph)c.  Acad.  Nat.  Sd.  Phil.,  1896,  pp.  567-570. 

^  Woolman,  Geol.  Surv.  New  Jersey,  An.  Rep.,  1896,  p.  247. 
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direction  practically  parallel  to  its  present  course,  as  shown  by  the  direction 
of  the  oblique  lamination  of  the  strata.  A  change  of  the  river's  course,  such 
as  cutting  across  the  neck  of  an  'ox-bow/  or  some  similar  shifting,  left  the  for- 
mer bed  at  this  point  a  lagoon,  similar  to  the  so-caUed  'sloughs'  of  the  Missis- 
sippi River.  A  lagoon  of  this  natine,  while  it  qidckly  becomes  dammed  at  the 
up-stream  end,  for  a  time  receives  aportion  of  the  current  in  time  of  hig^  water. 
In  the  case  under  consideration,  the  layer  of  red,  more  or  less  arenaceous,  day 
was  probably  deposited  during  this  period  of  partial  isolation.  Further  aepanr 
tion  of  the  slough  from  the  stream  is  effected  by  the  growth  of  willows  and  other 
v^tation  upon  the  alluvial  ridge  at  its  head,  which  r^idly  gains  in  height 
by  the  debris  coUected  thereby.  The  lagoon  thus  formed  is  a  very  favorable 
station  for  molluscan  and  other  aquatic  life,  sedentary  animals,  or  those  of 
weak  locomotive  powers  becoming  far  more  niunerous  than  in  the  active  current 
of  the  parent  stream.  Such  a  lagoon  thus  giadually  fills  up  with  fine  mud 
partly  composed  of  organic  material  In  the  case  under  consideration,  the 
black  day  represents  this  period.  Finally  the  lagoon  or  'slough'  became  dry 
land,  this  being  the  ordinary  result  of  the  process.  The  naiad  fauna  of  the 
Fish-house  Deposit  is  predsely  similar  in  gmeral  character  to  that  of  the 
'sloughs'  of  the  Mississippi  River  today.  "^ 


a    Life  of  the  Fish-house  Clay 

PlanU" 

Coniferous  and  deciduous  wood  represented  by  plant  stems  and  seed. 

Birch  (Betato)  Ma{de  {Acer) 

Pine  {Pinus)  Basswood  {TUia  dubia) 

Oak  (Quercus)  Gum  (Nyssa  hifiora) 


Fish-house  species 
Unto  subrolundoides  Lea 

recfottftt  Whitfield 

praeanodontoides  VnntEtM 
Anodonki  carpuientaides  hca, 


it 


99 


Animals  (MoUusca)" 

Alleged  allied  living  forms 
subrotundus  Jjca. 
rechuLam. 
anodonkndes  LesL 
corpulefUa  Cooper 


Present  habitat 
Mississipin  drainage 


ft 


i> 


» 


>y 


i> 


>f 


"      grandundes  Lea 

grandis  Say 

Mississippi  and  St.  Law- 
rence drainage 

Unto  ligamenUndes  Lea 

ligamefUinus  Lam. 

"    alatoides  LtSL 

akUus  Say 

"    humerosoides  Lea 

compUiHaius  ScL 

Atlantic  and  St  Law- 
rence drainage 

"    radiatoides  Lea 

radiatus  Lam. 

»  Klsbry,  op.  cU,,  pp.  568-569. 

»  Woohnan,  op.  cU,,  p.  211 ;  Berry,  Torreya,  VII,  pg.  80-81 ;  X,  pp.  260-261. 
»  Woolman,  op.  cU.,  pp.  21 1, 208.    The  writer  has  rearranged  the  habitats  to  correspond 
with  the  present  knowledge.    Tlie  old  nomenclature  is  used. 


PREGLACIAL  CONDITIONS  AND  UFE  205 

Unto  nasuiaides  Lea  nasulus  Say  Atlantic  drainage 

"    carhsoides  JjcA  cariosus  Say  "  " 

"    roottokaides  Lea  roanokensis  Lea  "  " 

VertebiaU  (Pisces) 
Fish  scales  of  undetennined  q)ecie8. 

Equus  comfikaku  Leidy. 

It  will  be  noted  that  of  the  twelve  species  of  mollnsks  listed,  only  four  re- 
semble the  species  now  living  in  the  Delaware  River.^'  Of  the  balance  thiee 
are  compared  with  species  fomid  in  the  St.  Lawrence  and  Mississippi  River 
drainages,  while  four  of  the  compared  species  are  confined  exclusively  to  the 
Mississippi  River  and  its  tributaries.  It  will  also  be  noted  that  there  is  a  total 
absence  of  the  heavy,  rounded  or  tuberculate  naiads  of  the  Mississippi  and 
Ohio  rivers  and  this  feature  of  the  fauna  is  believed  by  Pilsbry  to  indicate  a 
migration  via  the  Great  Lakes  r^on,  and  thru  some  river  systems  in  New  York, 
where  head  waters  were  near  the  head  waters  of  the  ancient  Delaware  River. 
Pilsbry  further  states  that  the  fauna  is  '' either  interglacial  or  pr^Iadal, 
and  probably  the  latter. "  The  ^t  that  there  is  a  total  lack  of  trans-AUeg^enian 
species  in  the  present  moUuscan  fauna  of  the  Delaware  River  points  to  the 
great  antiquity  of  the  Fish-house  fauna,  and  the  presence  of  the  river  type  of 
mussels  indicates  a  migration  by  a  river  system,  which  could  only  have  been 
pregladal  as  it  is  believed  that  subsequent  to  the  Kansan  Glacial  Epoch,  the 
Great  Lakes  region  has  contained  a  lake  rather  ^an  a  river  system.  The 
abundance  of  the  fauna  taken  in  connection  with  their  "divergence  from  the 
most  allied  living  forms,  point  to  preglacial  rather  than  interglacial  conditions.' ' 

Ortmaim^'  does  not  agree  with  Pilsbry,  Lea,  and  Whitfield  in  the  relation- 
ship assigned  to  these  mollusks.  He  says  "  But  for  the  present  time  these  fos- 
sils are  absolutely  useless,  because  western  affinities  have  been  maintained 
for  these  species,  which  siurely  do  not  exist  The  species  have  been  identified 
mainly  from  casts,  and  Lea  as  well  as  Whitfield  have  indicated,  by  the  names 
given  to  them,  their  supposed  affinities  to  western  species.  I  have  taken  the 
trouble  of  making  plaster  casts  of  the  inside  of  specimens  of  the  living  species 
with  which  they  have  been  correlated,  and  practicaUy  in  all  cases  it  became 
evident  at  a  glance  that  there  was  no  similarity  at  all. 

"But  this  should  be  the  subject  of  a  special  paper.  It  suffices  here  to 
make  the  statement,  first,  that  the  number  of  species  described  from  this  deposit 
(about  a  dozen)  should  be  reduced  to  not  more  than  three  or  four,  and  seomd, 
that  there  is  not  a  single  one  which  has  distinct  and  unmistakable  affinities 
to  any  typical  western  species." 

**  The  four  species  are  camplanatus,  nassUus,  tadiaius,  cariosus, 
»•  Proc.  Amcr.  PhU.  Soc.,  LH,  p.  280, 1913. 
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In  order  that  Ortmann's  statement  might  be  tested,  casts  were  made  of 
several  of  the  western  species  (recta,  anodofUoides,  ligamentina,  and  oAxtoas  weU 
as  the  eastern  nastUa  and  radiatus)  and  the  fact  became  evident  that  Ortmann's 
statement  was  abmidantly  borne  out  by  the  experiment.  The  casts  bear  little 
or  no  resen\]t>lance  to  the  spedes  with  which  they  are  compared.  Internal 
casts  are  always  uncertain  objects  to  accurately  identify  and  it  will  be  difficult 
to  correlate  the  Fish-house  material  with  modem  forms.  It  seems  evident, 
however,  that  the  fauna  does  not  represent  a  recent  migration  from  the  west, 
but  an  indigenous  fauna,  perhaps  of  long  occupancy,  modified  by  time  and 
related  intimately  to  the  present  fauna  of  the  Atlantic  drainage.  Many 
of  the  figures  published  by  Whitfield  are  strongly  suggestive  of  such  species  as 
complanatus  quadrilalerus  Lea,  dariensis  Lea,  and  jayensis  Lea.  All  facts 
at  hand  indicate  that  the  fauna,  while  old,  was  not  derived  from  western  stock 
(except  remotely)  but  was  a  typical  Atlantic  coast  fauna,  living  in  waters 
warmer  than  those  of  the  present  Delaware,  and  related  intimately  to  the 
spedes  now  living  in  the  Caroiinas  and  Geoi^gia. 

•    iii.  Age  of  the  Fis/hhouse  Clay 

Dr.  Berry,'*  who  has  studied  the  plant  remains,  places  the  Fish-house  day 
flora  and  fauna  in  the  late  Pleistocene;  he  remarks  that  "in  the  judgment  of 
the  writer  the  fossiliferous  stratum  at  least  is  not  older  than  the  last  intergladal 
and  the  probability  is  strong  though  unverified,  that  it  ispost-glacial  in  age. " 

Recent  geological  works'^  place  the  Fish-house  beds  in  the  Pensauken  stage 
of  the  Columbia  formation,  which  is  about  midway  of  the  Pldstocene  series. 
In  the  Philadelphia  Folio,**  the  following  statements  occur. 

"The  Delaware  River  phase  of  the  Pensauken  is  oonqx>sed  of  debris  which 
is  believed  to  have  been  brought  down  by  streams  from  the  north  during  one 
of  the  early  gladal  epochs,  an  epoch  which  antedated  the  last  glacial  epoch 
by  a  very  long  period  of  time.  The  streams,  such  as  the  Delaware,  leading  out 
from  the  ice  sheet  and  laden  with  debris  which  the  ice  had  prepared,  aggraded 
their  valleys,  and  the  ice  floating  down  the  streams  helped  them  to  transport 
the  large  pieces  of  rock,  occasionly  of  bowlder  size,  which  occur  in  the  formation 
of  this  region.  The  same  agency — ^floating  ice — helps  to  account  for  the  un- 
worn character  of  some  of  the  coarse  material  of  the  formation,  and  at  the  same 
time  affords  a  rational  explanation  of  the  presence  so  far  from  its  source  of  such 
soft  materials  as  the  friable  Newark  shale  and  sandstone.  It  is  not  believed 
that  rivers,  unaided  by  floating  ice,  could  have  carried  them  so  far,  and  it  is 
still  more  incredible  that  they  could  have  been  transported  from  their  original 
position  by  waves.    Furthermore,  a  single  well-glaciated  stone  has  been  found 

»•  Toneya,  X,  pp.  260-2(i2, 1910. 

n  Chamberlm  and  Salisbury,  Gedogy,  III,  p.  451. 

"  U.  S.  GeoL  Surv.,  Atlas,  No.  162,  p.  14. 
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in  the  Pensauken  at  Falsington,  Pa.,  a  few  miles  north  of  this  district.  Material 
much  like  the  Pensauken  occurs  up  the  Delaware  as  at  Raven  Rock,  at  much 
higher  levels  (200  feet),  seeming  to  point  to  the  direction  whence  the  material 
came.  At  least  one  distinctly  glaciated  bowlder  has  been  found  at  Raven 
Rock.  As  already  indicated,  the  material  of  the  tributary  valley  phase  of 
the  formation  had  a  different  and  more  local  source. '' 

"The  blocking  of  the  minor  post-Lafayette  channels  in  later  Pleistocene 
time  produced  ponded  areas  in  which  were  laid  down  the  thick  deposits  of 
black  clay  so  typically  developed  at  Fish  House  and  at  numerous  other  points 
toward  the  south,  through  New  Jersey,  Delaware,  and  Maryland.  "*" 

Fuller**  refers  the  Pensauken  to  the  pre-Kansan  (Nebraskan)  stage  and  it 
seems  best,  all  facts  considered,  to  place  the  age  of  these  beds,  for  the  present 
at  least,  as  antedating  the  first  glaciation  (Nebraskan  or  Jerseyan)  which,  per- 
haps, was  the  cause  of  the  extinction  of  the  biota. 

b.  PORT  KENNEDY  CAVE  FAUNA  AND  FLORA,  PENN. 

At  Port  Kennedy,  Montgomery  County,  Pennsylvania,  in  a  cave  containing 
extensive  bone  deposits,  a  large  and  varied  fauna  and  flora  was  discovered  many 
years  ago.  It  is  believed  to  be  contemporaneous  with  the  Fish-house  clay 
beds.*  Osbom'*  considers  this  faima  as  early  mid-Pleistocene,  but  with  80 
per  cent  of  the  mammalian  fauna  extinct,  it  would  seem  to  be  more  logically 
referred  to  late  Pliocene,  as  suggested  by  Hay.'^  The  insects  are  all  extinct." 
In  a  later  paper''  Hay  expresses  the  opinion  that  the  Port  Kennedy  fauna  is 
the  equivalent  of  the  Aftonian  beds  of  western  Iowa.  As  the  question  is  still 
unsettled,  the  biota  will  here  be  considered  as  antedating  the  first  glacial  period 
(Nebraskan  or  Jerseyan) . 

The  biota  of  the  Port  Kennedy  deposits  contain  13  species  of  plants  and 
70  species  of  animals,  as  noted  below.*** 

Plants 

Quercus  alba  Pinus  rigida 

"      palustris  Carya  alba 


»>  ..M^>^A^>...Jkv.  f> 


macrocarpa  "     parctna 

Fagus  ferruginea  A  mfdopsis  quinquefolia 

Corylus  americana  Crataegus  crus  galli? 

Primus  ^)ecies  ''        species 

Sphagnum  species 

»  Op.  cii.,  p.  19. 

**  Amer.  GeoL,  XXXII,  pp.  308-312,  1903. 

"  Woolman,  op.  cU. 

*  Bull.  U.S.  Geol.  Surv.,  No.  361,  p.  84. 

"  Science,  N.  S.,  XXX,  p.  892,  1909. 

»•  Scudder,  Amer.  Joum.  ScL,  (iii),  XLVIII,  p.  181,  1894. 

»•  Smith.  Mis.  CoU.,  LIX,  No.  20,  p.  15. 

^  Cope,  Joum.  Phil.  Acad.  Scl,  XI,  pp.  193-289, 1899. 
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Apkodius  praecursor 


If 


» 


mtcans 


scuieUaris 
Pkanaeus  antiquus 
Choeridium  ebenitmm 
Cklaenius  punctaiissimus 

puncUdatus 


Animals  (Insects) 

Cymindis  aurora 

PterosUckus  laeiigalus 

"         loHgipennis 
Cyckrus  wheaileyi 


It 


Clemmys  insculpta 
percrassus 


II 


II 


II 


II 


MeUagris  aUus 


EretkisoH?  darsatus 
Sciurus  calycinus 
Castor  canadensis 
Zapns  kudsonms 
Peromyscus,  cf ,  lucopus 
Anapiogoma  kiatidens 
Sycitsm  doacinum 
Microlus  diluvianus 

speolken 

diddta 

inodukts 
Ltpus  sylvaticus 
OckoUma  palatinus 
Osmoiherium  spdaeum 
MepkUis  fossidens 

orthostichus 

leptops 

obtusatus 

spcdcs 
Pdyckiis  loMatus 
Luira  rkoadsi 
Taxidea  americana 
Machaerodus  gracilis 
'*  mercefii 

Fdis  incxpectatus 
eyra 
calcaratus 


II 


II 


II 


II 


II 


II 


II 


mtnor 


AmphiiHa 

Rana  species 

Reptilia 


Terrapane  angtiiUuUUus 
Bascanion  acuminakts 


Avcs 


GaUinago  species 


Mammalia 


II 


II 


II 


i» 


II 


Myiodon  harlani 
Megalonyx  wkeatieyi 
loxodon 
tarkdns 
scalper 
Blarina  simpUcidens 
Scalops? 

Vespertilio  species 
Arciodus  haplodon 
Ursus  americantis 
CasUs  UUidentatus 

cinereoargenUUus 
priscolalrans 
Mustda  dUuviana 
Guloluscus 
Mammtd  americanum 
Tapirus  kaysii 
Equus  fraiemus 

"     fraiemus  pecUnatus 
Tayassu  tetragonus  {^Mylokytu) 
penns^vanicus 
nasulus 
species 
TeUopternus  orientaUs 
Damalaevicomis 
species 


II 


II 


II 
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C.   HAY  SPSINGS  FAUNA,  NEBKASKA 

In  the  northwestern  part  of  Nebraska,  at  Hay  Springs,  near  the  Niobrara 
River,  a  plains  fauna  has  been  found  which  is  comparable  in  point  of  time  with 
the  Port-Kennedy  biota.    The  mammals  as  listed  by  Matthew  are  as  follows.*^ 

Cams  UUrans  Equus?  scoUi 

?  Dinocyon  species  Elepkas  columbi 

Pdidae  (foot  bones  of  several  species)  Platygonus  vetus 
Fiber  zibetkicus  '*        compressus 

Amcola  cf.  amfWnus  {^Microtus)  Leptockaerus  qiedcs 

Cynomys  cf .  ludovicianus  Camdops  kansanus 
Thomomys  species  "     vUakerianus 

Casioroides  species  Camdus  americamus 

Paramylodon  nebrascensis  AntUocapra  cf.  americtma 

Eqmis  complic4Uus  Capromeryx  funifer 
"    fraUmus 

d.    OTHER  FAUNAL  AREAS 

In  Kansas  a  fauna  has  been  reported  by  Udden^  which,  judging  by  the 
species  represented,  might  be  referred  to  the  Aftonian  stage.  Howarth  and 
Beede,^  however,  do  not  think  that  these  deposits,  which  extend  thru  McPher- 
son,  western  Marion,  Harvey,  and  eastern  Reno  counties,  are  in  any  way  con- 
nected with  the  Kansan  ice,  the  altitude  of  McPherson  County  being  much 
higher  than  that  of  the  nei^est  Kansan  drift  The  deposits  are  in  an  old  river 
valley  (probably  pr^adal)  cut  in  the  underl3ring  bed  rock,  and  the  deposits 
are  thot  possibly  to  be  the  result  of  a  change  of  drainage  at  which  time  a  greater 
voliune  of  water  flowed  thru  the  valley.  Hay^  refers  the  vertebrate  remains 
in  the  gravel  (number  I)  to  the  Pliocene,  and  this  is  probably  the  best  disposi* 
tion.    The  deposits  present  the  following  section : 

V.  Yellow  sand 
IV.  Volcanic  dust 
III.  CUys 
II.  Sand 

I.  Gravel 
Rock 

In  the  gravd  number  I  the  following  mammals  were  found  : 

Megahnyx  leidyi  E^us  camplicatus 

*^  BulL  Amer.  Mus.  Nat  Hist,  XVI,  pp.  317-322,  1902;  Brown,  op,  cU.,  XDC,  pp. 
5<3»-584, 1903. 

«  Amer.  GeoL,  VH,  pp.  34tK345. 

«  Univ.  GeoL  Surv.  Kansas,  n,  p.  2Sl. 

**BuIl.  179,  U.S.  GeoL  Surv.,  p.  578. 
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In  the  sand  above  the  gravel  a  number  of  moUusks  occurred,  in  the  upper 
part  of  the  deposit. 

Anodonia  species  Pisidium  abditum 

Spkaerium  striatinum  Valtaia  iric4uinaia 

"      simiU{ »  sulcalum) 

One  crustacean,  a  Gammarus,  occurred  with  the  shells. 

Williston^  lists  the  vertebrate  fossils  of  Kansas,  referring  them  to  the  late 
Pleistocene  (Champlain  stage).  In  view  of  the  modem  conception  of  the  com- 
plexity of  the  Glacial  Period,  and  in  view,  also,  of  the  high  percentage  of 
extinct  species  recorded,  the  fauna  would  seem  to  be  referable  to  pregladal 
time,  or  late  Pliocene.  As  )K^iston  remarks,  however,  all  of  the  material 
may  not  be  contemporaneous  in  time.  The  species  listed  (excepting  Homo 
sapiens)  are  as  follows. 

Mamrnui  amencanum{  ">  giganieum)  Equus  complicatus 
Elepkas  primigmius  "  cumdens 

"      imperatar?  PUUygonus  compressus 

Bison  americanum  (?)  Camdops  kamsamus 

"  aiUiquus  Auckenia  huerfanensis 

"  crampianus  Camelids,  species  bidet. 

"  alleni  Afegalonyx  leidyi 

Aids  species  Mylodan}  species 

Eqitus  major  Canis  lupus 

**  excolsus  "  species 

"  occidenkUis  Gmtmys  bursarius 

The  Nebraskan  drift  frequently  contains  wood  which  it  has  picked  up  as  it 
has  overridden  a  pregladal  forest.  Such  are  recorded  from  Louisa  County,^ 
and  Jefferson  County,^'  Iowa. 

Interesting  dqx>sits  of  Pleistocene  animals,  as  well  as  plants,  have  been 
found  in  caves  in  Newton  Co.,  Arkansas*^*  (the  Conrad  fissure)  and  near 
Cumberland,^^  Maryland,  but  these  are  thot  to  be  of  later  date  than  the  Port 
Kennedy  and  Hay  Springs  deposits.  Hay  believes  the  Conrad  fissure  fauna 
to  be  of  Sangamon  interglacial  age.  As  these  deposits  are  beyond  the  limits 
of  the  ice-covered  territory,  the  faima  is  not  here  Ibted. 

«  Univ.  Geol.  Surv.  Kansas,  11,  pp.  297-308. 

«Udden,  Geol.  Iowa,  XI,  i^.  101-111. 

^  Udden,  op,  €il.,XJI,  pp.  422-428. 

*^  Mem.  Amer.  Mus.  Nat  Hist.,  DC,  pp.  157-208, 190S. 

«  Proc.  U.  S.  Nat.  Mus.,  XL VI,  pp.  93-102, 1913. 
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3.  Catalog  of  the  Pkeglacial  Biota***  Referred  to  in  this  Chapter 

PLANTS 


Sphagnum  species 


Pinus  figida 


Juglans  species 


BRYOPHYTA 

Sfhagnaceae 

SPERMATOPHYTA 
GYMNOSPERMAE 

PiNACEAE 

Pinus  species 

ANGIOSPERMAE 
DICOTYLEDONEAE 

JUGLANDACEAE 

Carya  a/6a(L.)  K*  Koch 


Betulaceae 


Corylus  americana  Walt. 


"  glabra   (MiU)    Spach. 
(»^{MV»fiaNutt). 

JStf^tJa  species 


Fagaceae 

Pagus  grandifoila  Ehrb,   {^ferruginea  Ait)  Quercus  macrocarpa  Micfaz. 

Quercus  alba  L.  "       palus^is  Meunch. 

Magnoliaceae 

lAriodendron  Udipifera  L. 

Haicaiceledaceae 


Magnolia  species 


Liquidambar  straciflua  L. 


Plalanus  occidenlalis  L. 


Crataegus  crusgalli  L. 


Platanaceae 


Rosace  AE 


Prunus  species 


» 


speaes 


Acer  species 


Psedera  quinquefolia  (L.)  Greene 


ACERACEAE 


VlTACEAE 


^"^  This  catalog  is  necessarily  very  fragmentary  and  includes  some  species  which  may  be- 
long to  a  later  period  than  that  assigned.  It  is  believed,  however,  that  it  will  serve  a  useful 
purpose  as  a  basis  for  comparison  with  later  biota,  which  are  definitely  fixed  in  their  relation 
to  certain  drift  sheets.  No  tangible  evidences  of  life  have  as  yet  been  found  beneath  the 
Nebraskan  drift,  and  we  are  compelled,  therefore,  to  rely  upon  the  territory  outside  the  drift 
area  for  evidences  of  pregladal  life.    Extinct  species  are  marked  with  an  *. 
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^TUia  dMa  Newbeny 


Nyssa  syhaUca  biJUfra  (Walt.)  Soig. 


COKNACEAE 


ANIMALS 
MOLLUSCA«* 


Unionidae 


Umo  subroiuHdcides  Lea 
"  reOoides  Whitfidd 
"  ^aeanodtmkrides  Whitfield 
"  ligamenlaides  Lea 
"  alaUrideshtz 
"  kumerosMes  LetL 


^C/mo  roanokMet  Lea 
*      "  radiaipides  Lea 
^      "  nasuieidfs  Lea 
^      "  cariosoides  Lol 
^Anodomta  carpulemioides  Lea 
grandioides  Lea 


»f 


Sfhaexiidae 

Sphaaium  sirtaiitmm  (Lam.)  Pisidium  ahdUum  (Hald.) 

HmUe  (Sm,y)^siikalum  Lam. 


tt 


Vahata  tricarinata  (Say) 


Gcmmarus  wptOKA 


VALVATroAE 


CRUSTACEA 


INSECTA 


^Aphodius  praecursor  Scudder 

*  "      iiiurafu  Scudder 

*  "      scideUaris  Scudder 


^klaenius  puncUUissimus  Scudder 
*         "      puncttdaUis  Scudder 
*Cymifidis  aurora  Scudder 
*Dicadus  alutaceus  Scudder 
species 


t> 


COLEOPTERA 
SCARABAEIDAE 

^Phanaeus  antiquum  Scudder 
*Choeridium  ebeninum  Scudder 


Cakabidae 


^Pterostkhus  laevigaius  Scudder 

♦  "        longipennis  Scudder 
*Cyckrus  wheaUeyi  Scudder 

•  "      minor  Scudder 


VERTEBRATA 


PISCES 


Scales  of  fish,  undetermined 

**The  species  described  from  the  Fish-house  day  beds  are  here  listed  as  recorded  by 
Whitfield.  There  seems  to  be  no  other  course  <^n  until  the  original  material  is  carefully 
compared  with  Atlantic  coast  species.  They  are  also  here  recorded  as  extinct  for  the  same 
reason  altho  probably  correlative  with  living  species. 
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Ranaspcdes 


AMPHIBIA 
Ramidae 

REPTILIA 
ElCYDIDAE 


*CUmmys  inscidpta  LeConte 
•       "     percrassus  Cope 


^Bascanion  acumifuUus  (Cope) 


*Terrapene  anguiUulata  (Cope) 


COLUBRIDAE 

AVES 
SCOLOPACIDAE 


GaSUinago  species 


P&ASIANIDAE 


^Mdeagris  superbus  Cape(^ alius  Cope) 


MAMMALIA 

Megetheriidae 

^Magalonyx  wbeaUeyi  Cope 

*Megahnyx  leidyi  Lindahl 

•          "       loxodim  Cope 

*Mylodon  harlani  Owen 

*         "       kniulus  Cope 

*Paramylodon  nehrascensis  Brown 

•         "       scalper  Cope. 

Equidae 

^Equus  compUcalus  Leidy  (^ major  Cope)  *Equus  occiderUalis  Leidy 

•  "    fratemus  Lady  ('^cuTfidens  Ltidy)  •     "     5C0//1  Gidley 

♦  "     excelsiis  Leidy  ♦     "     pecHnalus  Cope 

Tafikidae 
^Tapirus  haysii  "Leidy 

Tayassuidae  • 

^Leptochoerus  sptdts  *Mylohyus  pennsylvamcus  (Leidy) 

*Flatygonus  compressus  LeConte  *      "   fULsutus  (Leidy) 

♦  "        veins  Leidy  ♦      "   tetragonus  (Cope) 

CAafEUDAE 

*Camelops  kansanus  Leidy  *Camelus  amerkanus  Wort. 

( ^AuchefM  kutffanensis  Cope)  *Teleopternus  orientalis  Cope 

*  "      ntakerianus  (Cope) 

Cervidae 
Alces  americanus  Clinton  (?)  *Capromeryx  furcifer  Matthew 

*Odocaileus  laevicomis  (Cope) 

Antilocaprtoae 
AntUocapra  americana  Ord.  (?) 
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*Bison  afUiquus  Lddy 


BOVIDAE 

*Bis<m  aUetU  Marsh 

*  B.  crampianus  Cope 

Elephanttoae 

^Mammtii  americanum  Kerr  ^Mastodon  gigarUeus 
*Elepkas  primtgenius  Blumenbach 


•  "      coluiM  Falconer 

•  "      imperalor  Lddy 


*Sciurus  calycinus  Cope 


Castor  canadensis  Kuhl. 


Peramyscus  leucopus  (Raf.) 
*Anaptogania  kiatidens  Cope 
*Sycium  doacinum  Cope 
Fiber  tibetkicus  (Linn.) 


SCIUKIOAE 

Cynomys  cf.  ludavicianus  (Old) 
Castosidae 


MURIDAE 


Microtus  diluvianus  Cope 
"     speoikenCopt 
"     dideUaCapt 
"     in!9ohUus  C(^ 
"     cf.  amphibius  Cope 


\  GEOimDAE 


Geomys  bursarius  (Shaw) 


Zapus  hudsonius  (Zimm.) 


Erethizondorsaius  (Linn.) 


^Castoroides  ohioensis  Foster 


Thomanys  species 


DiPODIDAE 


Erethizontidae 


Castoroididae 


OCHOTONZDAE 

*Ocholona  palatinus   (Cope) 

Leporidae 
Lepus  sylvaiicus  B&chm.i^'Sylvilagus  ftoridanus  (Allen). 

TALProAE 

Scalops?  species 

SORICIDAE 

*Blarina  simplicidens  Cope 

Vespertilionidae 
Vespertilio  species 

Ursidae 
Ursus  americanus  Pallas  *ArcU)dus  haplodon  (Copt 

ICUSTEUDAE 

Taxidea  taxus  (Schreber)  ■«  T.  americana  Bodd.  *Osmotherium  spdaeum  Cope 

*MepkUis  fossidens  Cope  *Pdycictis  lobidatus  Cope 
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*Mephitis  ortkostichus  Cope 

*  "      obtusalus  Cope 

•  "      lepto^  Copt 


Cants  latrans  Say 

*  "    priscoUOrans  Cope 

*  **    cineroargentaius  Schreber 


*Mackairodus  gracilis  Cope 
♦  "  mercerii  Cope 


CANIDAE 


FEUDAE 


*Mustela  dUuviana  Cope 
Gtdo  luscus  (Linn.) 
*LtUra  rhoadsii  Co[>e 

*Canis  kUidentatus  (Cope) 

"    occidentalis  Rich .  ( » lupus) 
Dinocyon  ^)ecies 

*Felis  inexpecialus  (Cope) 

"  eyra  Desm. 
•     "  calcaratus  Cope 


4.  SUM&L\RY 

Freglacial  Condition  of  the  Glaciated  Area.  Previous  to  the  Glacial  Period 
the  region  now  occupied  by  the  Great  Lakes  formed  an  immense  river  valley 
comparable  to  that  of  the  Mississippi,  the  outlet  being  possibly  by  way  of  the 
St  Lawrence  Valley.  The  watershed  of  the  country  was  at  this  time  quite 
difiFerent  from  that  of  the  present,  many  streams  flowing  northward  and 
emptying  into  the  large  Laurentian  River.  The  land  was  also  much  higher 
then  than  now,  and  many  of  the  rivers  (the  Hudson,  St.  Lawrence,  and  others) 
extended  seaward  and  formed  great  canyons  which  are  now  deeply  buried 
beneath  the  ocean. 

Preglacial  Biota,  The  life  which  existed  prior  to  the  ice  age  was  different 
in  many  respects  from  that  which  occi^>ies  the  same  territory  today.  The 
plants  experienced  little  or  no  change.  Of  the  23  species  listed  in  the  previous 
catalog,  but  one  is  doubtfully  extinct  The  mollusks  have  probably  remained 
much  the  same,  altho  the  land  forms  might  contain  some  extinct  races  if 
the  record  was  complete.  The  fresh  water  species  (with  the  exception  of 
the  problematical  casts  from  the  Fish-house  clay  beds  in  New  Jersey)  are 
identical  with  living  forms.  During  the  long  period  from  the  Cretaceous  and 
thru  the  Tertiary  Period  the  fresh  water  shells,  and  especially  the  naiades, 
spread  over  the  eastern  and  southeastern  part  of  the  United  States,  probably 
by  way  of  the  river  systems  which  connected  with  the  preglacial  Laurentian 
River.    The  14  species  of  insects  are  all  extinct 

Of  the  86  vertebrates,  64  are  extinct,  or  over  74  percent  Several  families, 
as  the  sloths,  the  horses  and  the  camels,  are  represented  by  a  number  of  species. 
These  families,  as  well  as  the  proboscidians,  have  become  entirely  extinct,  as 
far  as  the  region  under  consideration  is  concerned. 


CHAPTER  VI 

THE  GLACIAL  OR  PLEISTOCENE  PERIOD 

The  warm  Pliocene  Period  was  followed  by  an  interval  of  intense  cold 
during  which  time  nearly  the  whole  of  British  America  and  the  United  States 
as  far  south  as  northern  Pennsylvania,  southern  Ohio,  Indiana  and  Illinoisi 
central  Missouri,  eastern  Nebraska,  central  South  Dakota,  nearly  the 
whole  of  North  Dakota  and  northern  Wyoming,  Idaho,  and  Washington,  was 
covered  by  immense  ice  fields,  embracing  altogether  an  area  of  approximately 
4,000,000  square  miles  and  attaining  a  thickness  of  over  5,000  feet*  (Plate  LVI). 
Formerly  the  Glacial  Period  was  thot  to  consist  of  but  a  single  ice  invasion, 
but  it  is  now  known  that  as  many  as  five  well  characteri2sed  invasions  occurred, 
each  separated  by  an  intergladal  period  of  considerable  duration. 

1.  EFFECT  OF  THE  ICE  ON  THE  TOPOGRAPHY 

This  thick  mass  of  moving  ice  planed  ofiF  the  hills  carrying  with  it  the 
residuary  soil  which  had  formed  during  the  long  Mesozoic  and  Cenozoic 
interval,  ground  up  and  removed  much  of  the  underlying  rocks  and  scratched 
and  grooved  the  surface  of  the  more  resistant  rocks.  The  first  effect  of  the 
presence  of  this  ice  sheet  was  probably  the  ponding  of  the  many  northward 
flowing  streams,  the  valleys  forming  vast  lakes,  the  drainage  from  which 
caused  the  formation  of  new  river  valleys,  which  in  their  turn  cut  canyons 
and  gorges. 

2.   EFFECT  OF  THE  ICE  ON  THE  BIOTA 

The  efiPect  on  the  life  of  the  glaciated  area  was  marked  and  to  a  certain 
degree  cataclysmal.  As  the  ice  advanced  the  winters  became  long  and  the 
summers  short,  the  seasons  being  marked  by  fogs  and  violent  storms.  The 
luxuriant  vegetation  was  overridden,  the  trees  being  broken  and  their  remains 
incorporated  in  the  drift  with  the  other  debris — soil  and  rocks.  In  many 
places  the  newly  formed  ponds  covered  the  forests  and  thus  killed  the  trees. 
The  biota  was  not,  however,  all  killed  at  once.  The  process  was  slow,  occupy- 
ing many  years.  It  is  probable  that  the  Arctic  plants  and  such  north  tem- 
perate trees  as  some  conifers,  oaks,  ash,  and  a  few  others,  kept  possession  of 
the  territory  in  front  of  the  ice,  much  as  do  the  same  genera  at  the  present  time 
in  higU  latitudes.    The  temperate  species  migrated,  by  seed,  to  points  far 

^  The  thickness  of  the  ice  has  been  variously  estimated  at  from  3  to  8  miles.    See  Cham- 
berlin  and  Salisbury,  Geology,  III,  p.  357. 
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enough  removed  to  be  beyond  the  direct  influence  of  the  Arctic  climate.  Many 
species  found  refuge  in  the  southern  part  of  the  Appalachians  where  we  now 
have  a  mixed  flora  of  spruce,  arbor  vitae,  pine,  hemlock,  etc.  South  of  the 
Ohio  River  such  deciduous  plants  as  ehns,  maples,  magnolias,  walnuts,,  chest- 
nuts, and  hickories  found  refuge  and  now  flourish  in  great  abundance. 

During  each  successive  stage  of  glaciation  the  biota  was  completely  oblit- 
erated in  the  engkciated  territory,  the  species  which  were  unable  to  migrate 
suffering  extinction.  Later  studies  have  indicated  that  during  each  inter- 
glacial  stage  an  extensive  biota  flourished,  migrating  from  the  south  as  the 
territoiy  became  suitable  for  occiq)ancy.  This  oscillation  of  life  is  thus  graphi- 
cally portrayed  by  Chamberlin  and  Salisbury.' 

^^A  distinguishing  feature  of  the  effects  of  the  ice  invasions  on  the  life  of 
the  glacial  period  in  northern  latitudes  was  an  enforced  oscillatory  migration 
in  latitude.  With  every  advance  of  the  ice,  the  whole  faima  and  flora  of  the 
affected  region  was  forced  to  migrate  in  front  of  it,  or  suffer  extinction.  The 
Arctic  species  immediately  adjacent  to  the  ice  border  crowded  upon  the  sub- 
arctic forms  next  south  of  them,  the  sub-arctic  forms  crowded  upon  the  cold- 
temperate  forms,  and  these  in  turn  upon  the  warm-temperate  types,  and  so 
on.  It  is  not  unlikely  that  the  Umits  of  the  tropical  zones  even  were  shifted, 
and  the  torrid  belt  appreciably  constricted.  With  the  succeed  ng  deglacia- 
ion  of  the  inter-glacial  stages,  a  reversed  migration  followed.  Present  evi  - 
dence  seems  to  warrant  the  belief  that  five  or  six  such  to-and-fro  migrations 
were  experienced  in  America  and  Eurc^,  and  that  the  southward  and  north- 
ward swing  of  these  movements  was  several  hundred  miles  in  extent,  in  some 
cases  perhaps  one  to  two  thousand  miles.  Some  of  the  inter-gladai  epochs 
saw  a  northward  extension  of  mild-temperate  forms  greate**  than  that  of  today, 
from  which  it  is  inferred  that  the  inter-gladal  climates  were  milder  than  the 
present,  and  hence  that  the  ice-sheets  were  at  least  as  much  reduced  as  now. 
There  is  in  this  also  ground  for  the  inference  that  the  northibm  tracts  were  at 
least  as  extensively  peopled  by  plants  and  animals  as  they  are  today.  This 
carries  the  conclusion  that  the  migratory  swing  in  these  more  pronounced 
cases  was  at  least  2,000  miles  in  North  America,  and  more  than  1,000  miles  in 
Europe.  As  indicated  in  the  physical  description,  the  geological  evidences 
drawn  from  erosion,  weathering,  and  organic  accumulation  warrant  the  belief 
that  the  inter-glacial  intervals  were  long  enough  to  permit  a  complete  northern 
return,  and  the  fossil  evidence  supports  the  conclusion  that  the  climates  were 
congenial  enough  to  invite  it. 

"The  forced  migrations  must,  in  their  nature,  have  been  peculiarly  effective 
in  bringing  to  beaj  a  severe  struggle  for  existence,  and  in  calling  into  play  the 
full  resources  of  the  plastic  adaptation  of  the  life.  Forms  previously  specialized 
to  meet  local  conditions  were  put  to  a  roost  adverse  test,  for  the  invading  ice 

•  Geology,  III,  p.  485. 
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forced  every  form  within  the  glaciated  area  to  move  on,  while  the  fringing 
zones  of  depressed  temperature  encircling  each  ice-sheet  forced  plant  and 
animal  life,  even  beyond  the  ice  border,  to  seek  new  fields  and  new  relations, 
both  physical  and  organic.  An  incidental  result  of  this  wholesale  migration 
was  an  unwonted  commingling  of  plants  and  animals,  for  every  aggressive 
form  pushed  forward  in  the  van  of  the  advancing  zone,  and  hence  came  into 
new  organic  environment,  while  every  laggard  fonn  fell  behind  and  was  over- 
taken by  the  less  reluctant  migrants. " 

Professor  Osbom'^  does  not  believe  that  the  biota  was  greatly  afiFected  by 
the  ice  sheets,  at  least  until  toward  the  latter  half  of  the  Glacial  Period.  He 
says:  '^  Until  the  close  of  Third  Intergladal  time  no  traces  of  northern,  much  less 
of  Arctic  forests  and  animals,  are  discovered  an3rwhere,  except  along  the  borders 
of  the  ice-fields.  It  would  appear  as  if  the  animal  and  plant  life  of  Europe 
were,  in  the  main,  but  slightly  affected  by  the  first  three  glaciations.  We 
cannot  entertain  for  a  moment  the  belief  that  in  glacial  times  all  the  warm 
flora  and  fauna  migrated  southward  and  then  returned,  because  there  is  not  a 
shred  of  evidence  for  this  theory.  It  is  far  more  in  accord  with  the  known 
facts  to  believe  that  all  the  southern  and  eastern  forms  of  life  had  become  very 
hardy,  for  we  know  how  readily  animals  now  living  in  the  warm  earth  belts 
are  acclimatized  to  northern  conditions. " 

The  facts,  in  America  at  least,  seem  to  indicate  a  mingling  of  Arctic,  sub- 
aractic,  and  temperate  types  of  animals  south  of  the  border  of  the  ice  sheets, 
and  a  migration  northward  during  each  intergladal  interval.  In  another 
place  (p.  241)  Osbom  says,  "As  a  result  of  favorable  interglacia'  conditions 
arboreal  vegetation  flourished  to  the  far  north  along  the  Arctic  Ocean,  and 
the  present  tundra  regions  of  Siberia  and  British  America  then  supported 
forests  which  have  long  since  been  extirpated,  the  northern  limit  of  similar 
living  trees  now  lying  far  to  the  south. "  There  is  apparently  no  reason  why 
this  condition  miy  not  have  prevailed  during  the  first  two  interglacial  inter- 
vals— th^  Aftonian  and  Yarmouth. 

At  the  maximum  extension  of  the  ice  sheet,  the  biota  of  the  upper  Mississippi 
Valley  was  concentrated  along  the  southern  border  of  the  ice,  in  Kansas,  Iowa, 
Illinois,  Kentucky,  Ohio,  and  Pennsylvania.  The  aquatic  biota  was  massed 
in  the  lower  Mississippi  and  Ohio  rivers  and  in  tributary  streams.  There  were 
five  areas  from  which  the  biota  could  repeople  the  wasted  territory  left  bare 
by  the  retreating  ice  sheet  (Plate  LVI).  (1),  that  part  of  the  United  States 
lying  south  of  Illinois  and  Ohio,  west  of  the  Allegheny  Motmtains,  and  of  the 
Missouri  River  Valley,  and  east  of  the  Rocky  Mountains,  including  the  lower 
drainage  area  of  the  Mississippi  Valley  and  the  adjacent  prairies  and  plains; 
(2),  an  area  south  of  British  Columbia  and  Assiniboia,  including  Montana, 
Idaho,  and  Washington,  and  embracing  the  upper  drainage  areas  of  the  Missouri 

*•  Men  of  the  Old  Stone  Age,  p.  108,  1916. 
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and  Columbia  rivers;  (3),  the  whole  of  northern  and  western  Alaska,  embrac- 
ing the  Yukon  River  Valley,  besides  other  smaller  streams;  and  (4),  the  drift- 
less  area  in  southern  Wisconsin  bordering  the  Mississippi  River.  A  fifth  region 
of  survival  was  provided  in  New  Jersey  and  Pennsylvania  east  of  the 
Appalachian  chain  and  south  of  New  York.' 

3.  THE  ICE  INVASIONS 

Five  distinct  ice  invasions,  separated  by  four  well-marked  interglacial 
intervals  are  now  known,  with  a  possible  sixth  invasion  and  a  fifth  interval. 
For  many  years  the  Glacial  Period  was  thot  to  be  a  unit,  the  complexity  of 
the  margin  being  attributed  to  minor  fluctuations  in  the  ice  sheet.  Accumu- 
lated evidence  first  noticed  in  the  west  by  Chamberlin,  McGee,  Salisbury  and 
other  geologists,  and  more  recently  recognized  in  the  east  by  later  investigators, 
have  conclusively  demonstrated  the  complexity  of  the  Glacial  Period  and  have 
estab^shed  beyond  question  the  reality  and  significance  of  the  inteiglacial 
intervals,  which  are  now  believed  to  have  been,  in  part  at  least,  as  extensive 
and  far  reaching  as  is  the  period  in  which  we  live. 

The  six  ice  invasions  and  the  five  interglacial  intervals,  as  they  afiFected 
America,  may  be  tabulated  as  follows:^ 

1  Nebraskan  and  Jeraeyan,  fizBt  recognised  invasion. 

a.  Aftonian,  first  interglacial  interval 

2.  Kansan,  second  glacial  invasion. 

b.  Yarmouth  or  Buchanan,  second  interglacial  interval. 

3.  niinoian,  third  glacial  invasion. 

c.  Sangamon  or  Toronto,  third  interglacial  interval. 

4.  lowan,  fourth  glacial  invasion. 

d.  Peorian,  fourth  interglacial  interval. 

5.  Eariy  Wisconsin,  fifth  glacial  invasion. 

e.  Fifth  interval  of  deglaciation  (unnamed). 

6.  Later  Wisconsin,  sixth  glacial  invasion. 

f.  Glacio-fluviatile  sub-stage. 

g.  Champlain  sub-stage  (marine). 

The  extent  of  the  interval  between  the  earlier  and  later  Wisconsin  invasions 
is  not  definitely  known.  No  soil  horizons  referable  to  this  interval  are  at 
present  known. 

a.  Interglacial  Life  and  Condiiions 

The  data  upon  which  to  reconstruct  the  fauna  and  flora  of  the  interglacial 
intervabare  necessarily  meagre,  consisting  of  scattered  records  of  imperfectly 

'  There  is  reason  to  believe  that  favorable  conditions  for  the  survival  of  many  boreal 
mollusks  existed  in  Greenland,  Newfoundland,  Anticosti  and  other  places  along  the  Atlantic 
coast  and  also  along  the  Pacific  coast  (Me  Scharff,  1907,  and  Adams,  1905). 

*  Chamberlin  and  Salisbury,  Geology,  III,  p.  383.  The  table  has  been  reversed.  The 
name  Nebraskan  of  Shimek  replaces  the  old  Sub-Af tonian.  Whether  this  is  to  be  correlated 
with  the  Jerseyan  of  the  east  is  not  at  present  decided. 
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preserved  material.  It  is  obvious  that  but  a  small  percentage  of  the  remains 
of  the  biota  could  by  any  possibility  be  preserved  during  the  invasion  and 
occupancy  of  a  gigantic  ice  field,  such  as  is  known  to  have  covered  the  engla- 
dated  rc^on.  It  is  likewise  evident  that  the  greatest  care  is  necessary  in 
using  this  data,  in  order  that  errors  may  be  eliminated;  and  only  that  informa- 
tion can  be  used  that  is  known  beyond  reasonable  doubt  to  be  referable  to  the 
particular  interval  discussed.  There  are  many  records  that  caimot  be  admitted 
because  of  lack  of  precise  geologic  data.  In  many  cases  it  is  di£Bcult  to  deter- 
mine whether  certain  deposits  are  to  be  correlated  with  the  till  sheet  (Kansan, 
lowan,  etc)  upon  which  they  rest,  or  are  the  product  of  much  later  geologic 
influences.  Likewise,  it  is  practically  impossible  to  correlate  the  deposits 
beyond  the  engladated  territory  with  those  within  this  area.  It  is  evident, 
therefore,  that  only  that  datum  is  available  which  lies  in  or  between  the  drift 
material  deposited  by  the  great  continental  ice  sheets. 

b.  ImbricaHon  of  Drift  Sheets 

Fortunately,  the  different  drift  sheets  are  imbricated  and  we  are  thus  able 
to  study  their  physical  characteristics,  and  to  trace  one  drift  sheet  until  it 
disappears  beneath  that  of  a  later  period.    Beneath  the  later  drift  sheets,  the 
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Figure  4.    Diagram  to  illustrate  supeipofiition  and  imbrication  of  drift  sheets  (After 
Chamberlin  and  Salisbury). 

earlier  deposits  are  largely  discontinuous  and  in  many  places,  especially  be- 
neath the  later  Wisconsin  drift,  are  practically  absent  The  five  drift  sheets 
are  superimposed  as  shown  in  the  annexed  diagram^  (figure  4).  "Theoretically 
and  perhaps  really,  the  several  sheets  of  drift  are  imbricated  as  shown  in  the 
figure,  but  each  sheet  of  drift  is  discontinuous  beneath  the  overlying  one,  and 
this  discontinuity  goes  so  far  that  beneath  the  Wisconsin  drift,  for  example,  the 
several  sheets  are  more  commonly  wanting  than  present. "  It  is  to  be  noted 
that  the  earlier,  or  Nebraskan  drift  sheet,  does  not  extend  beyond  the  limits 
of  the  next  younger,  or  Kansan,  and  the  limit  of  gladation  of  this  period  is 
believed  to  have  been  considerably  less  than  that  which  followed.  In  New 
Jersey,  an  old  drift,  the  Jerseyan,  extends  beyond  the  limits  of  the  later  drift 
and  is  believed  to  be  the  equivalent  of  the  Nebraskan.* 

i  Chamberlin  and  Salisbury,  Gedogy,  III,  page  394. 
•  Chamberlin  and  Salisbury,  Geology,  III,  p.  S84« 
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c.  Age  of  ihe  Drift  Sheets 

The  proofs  of  the  great  age  of  the  earlier  drift  sheets  are  found  in  the  great 
depth  of  eroskm  and  the  amount  of  leaching  or  oxidizing  (weathering)  that 
took  place  before  the  later  sheets  were  laid  down.  The  intercalated  forest  beds 
and  old  soils  also  provide  criteria  of  value  and  the  fauna  is  now  proving  a 
criterion  of  large  importance. 

d.  Centers  of  Ice  AccumtdaHan  and  Radiation 

In  the  central  and  eastern  part  of  North  America  there  were  two  centers  of 
ice  accumulation  from  which  the  glaciers  moved  outward  in  all  directions. 
(1)  the  Keewatin,  west  of  Hudson  Bay,  and  (2)  the  plains  of  Labrador.  From 
the  first  came  the  ice  sheets  known  as  the  Nebraskan,  Kansan,  and  lowan; 
from  the  second  came  the  ice  sheets  known  as  the  Jerseyan,  Illinoian,  Earlier 
and  Later  Wisconsin.  The  Jerseyan  is  correlated  doubtfully  with  the  Neb- 
raskan. 

e.  Effect  of  Glaciatian  on  the  Englaciated  Territory' 

''The  great  and  unequal  erosion  of  the  ice-sheets,  and  especially  the  great 
and  imequal  deposition  of  the  drift,  produced  a  profound  effect  upon  the  topo- 
graphy of  the  planer  parts  of  the  area  affected  by  glaciation.  One  of  the  conspi- 
cuous results  of  this  alteration  of  the  topography  was  the  derangement  of  the 
drainage.  One  of  the  results  is  seen  in  the  thousands  of  lakes  which  affect  the 
surface  of  the  later  drift,  and  to  a  less  extent,  the  surface  of  the  older.  The  ba- 
sins of  these  lakes  or  ponds  arose  in  various  ways.  There  are  (1)  rock  basinr 
produced  by  glacial  ero^n;  (2)  basins  produced  by  the  obstruction  of  rivei 
vallQrs  by  means  of  the  drift;  (3)  depressions  in  the  surface  of  the  drift  itself; 
and  (4)  basins  produced  by  a  combination  of  two  or  more  of  the  forgoing. 
The  third  class  as  above,  may  be  subdivided  into  dq>res5ions  in  the  surface  of 
(a)  the  terminal  moraine,  (b)  the  ground  moraine,  and  (c)  stratified  drift. 
Since  the  stratified  drift  in  which  the  lakes  of  this  last  subclass  lie  is  largely  iil 
valleys,  it* would  not  be  altogether  inappropriate  to  class  them  with  group  2. 

''  In  addition  to  the  lakes  and  ponds  now  in  existence,  there  have  been  others 
of  a  more  temporary  character.  Some  of  them  have  already  become  extinct 
by  reason  of  filling  or  by  the  lowering  of  their  outlets  since  the  ice  melted;  others 
depended  for  their  existence  on  the  presence  of  the  ice,  which  often  obstructed 
valle3rs,  giving  rise  to  basins.  The  ice  also  developed  basins  outside  of  valleys, 
when  the  surface  slope  was  favorable. 

''Another  result  is  to  be  seen  in  the  changes  in  the  courses  of  the  streams. 
In  many  cases,  pre-existing  valleys  were  filled  with  drift,  so  that  when  the  ice 
melted  the  old  channels  were  obstructed  at  many  points,  and  surface  drainage 

'  Chamberlin  and  Salisbury,  Geology,  III,  pp.  379-381. 
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was  forced  into  courses  which  were  partly  new.  In  other  cases,  the  ice,  by 
encroaching  on  the  middle  course  of  the  valley,  as  in  the  case  of  the  Ohio,  forced 
drainage  around  its  front,  and  the  drainage  lines  thus  established  by  force, 
were  often  held  after  the  ice  melted. "    - 

These  changes  in  topographic  relief  produced  profound  changes  in  the  habi- 
tats of  the  faima  and  flora.  Where  previously  were  rivers  and  their  tributaries, 
now  were  ponds,  lakes,  and  swamps  (Plate  LVII,  figures  1,  2).  Many  fresh 
water  species,  upon  re-entering  the  glaciated  territory,  were  compelled  to  change 
their  normal  habitats  from  river  to  pond,  lake,  or  swamp.  It  is  probably  this 
change  in  ecological  relationship  that  has  so  greatly  increased  (apparently) 
the  nimiber  of  species  of  certain  fluviatile  animals  within  the  englaciated  terri- 
tory (the  fresh  water  moUusks  for  example). 

It  is  believed  that  the  old  drainage  basins  of  the  Laurentian  River  have 
been  occupied  by  lakes  since  an  early  invasion,  perhaps  since  the  Nebraskan 
and  Jerseyan,  as  old  shore  lines  and  biota  are  known  from  several  interglacial 
periods. 

f .  Length  of  Time  since  the  Earliest  Ice  Invasion 

The  length  of  time  which  has  elapsed  since  the  beginning  of  the  Glacial 
Period  and  especiaUy  the  time  involved  in  each  interglacial  stage  is  of  consider- 
able value  in  estimating  the  changes  which  have  taken  place  in  the  biota  during 
this  long  period.  McGee*  thus  graphically  portrays  this  time  element:  ''Let 
the  period  of  written  history  be  represented  by  a  day;  then  a  month  or  a  year 
of  such  days  will  measure  the  period  that  has  elapsed  since  the  first  Pleistocene 
ice  sheet  invaded  northwestern  Iowa.  The  uncertainty  as  to  the  date  of  the 
invasion  is  great;  but  it  was  so  long  ago  that  the  date  would  be  but  vaguely 
conceived  if  it  were  possible  to  write  it " 

Chamberlin  and  Salisbury,*  collating  the  judgment  of  five  of  the  glacial 
geologists  who  have  most  studied  the  available  data,  give  the  following  table: 
"The  time  datiun  for  each  sheet  of  till  is  the  stage  at  which  it  began  to  suffer 
erosion,  which,  of  course,  would  be  slightly  after  the  beginning  of  the  ice 
retreat.  The  time-unit  is  the  period  which  has  elapsed  since  the  Late  Wiscon- 
sin began  to  be  exposed  for  erosion: 

From  the  Late  Wisconsin  to  the  present 1        time  unit 

From  the  Early  Wisconsin  to  the  present 2  to  2Vi  time  units 

From  the  lowan  to  the  present 3  to  5         "        " 

From  the  Ulinoian  to  the  present 7  to  9         "        " 

From  the  Kansan  to  the  present 15  to  17      "        " 

From  the  Nebraskan  to  the  present x 


ft        ft 


*  11th  An.  Rep.,  U.  S.  Geol.  Surv.,  p.  567. 

•  Geology,  III,  p.  414. 
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Based  upon  the  time  which  has  elapsed  since  the  cutting  of  the  Niagara 
gorge  (that  which  is  not  preglacial)  and  the  Falls  of  St.  Anthony  in  the  Missis- 
sippi River,  the  time  limit  may  be  expressed  in  years  as  follows:*® 

Climax  of  Late  Wisconsin... 20,000  to       60,000  years  ago' 

aimax  of  Early  Wisconsin 40,000  to     150,000       " 

Climax  of  lowan. 60,000  to     300,000      " 

Climax  of  IlUnoian 140,000  to     540,000 

Climax  of  Kansan 300,000  to  1,020,000 

Climax  of  Nebraskan y      to         2  "     " 

These  figures  are  only  approximate  at  best  and  perhaps  possess  but  little 
scientific  value,  but  they  serve  to  indicate  that  a  great  period  of  time  has 
elapsed  since  the  beginning  of  the  last  ice  age,  a  period  long  enough  for  faunas 
and  floras  to  wax  and  wane  and  for  many  groups  to  become  extinct.  The  ex- 
tent of  these  changes  in  some  groups  of  animals  and  the  tack  of  such  changes  in 
other  groups  appear  in  the  pages  which  follow. 

4.    SUMMARY 

The  Pleistocene  Period  was  followed  by  an  interval  of  intense  cold  during 
Which  British  America  and  the  northeastern  portion  of  the  Vnited  States  was 
successively  covered  by  five  or  six  huge  ice  sheets.  The  maximum  area 
covered  was  4,000,000  square  miles  and  the  thickness  is  estimated  at  from 
3  to  8  miles.  The  ice  invasions  completely  changed  the  tc^graphy,  replacing 
the  old  rivers  and  streams  by  ponds,  lakes,  and  swamps.  All  life  was  exter- 
minated within  the  englaciated  area,  or  driven  south  of  it.  At  each  successive 
interglacial  period  (of  which  there  were  four  and  possibly  five)  the  biota  fol- 
lowed the  retreating  ice  and  again  occupied  the  devastated  territory,  only  to 
be  again  driven  southward  by  a  return  of  the  ice.  After  the  last  ice  invasion 
(the  Wisconsin)  the  aquatic  life  followed  the  waterways  from  the  melting  ice 
and  spread  over  the  territory  that  we  see  today.  The  terrestrial  life  followed 
closely  the  margin  of  the  ice,  Arctic,  Subarctic,  Cold  Temperate,  and  Temperate 
biota  occupying  the  area  in  turn,  as  the  climate  became  suited  to  each. 

The  different  ice  sheets  are  imbricated  at  their  edges  and  the  drift,  as  well 
as  the  interglacial  deposits,  may  be  traced  beneath  the  material  of  a  later  drift 
sheet.  The  criteria  upon  which  to  build  an  interglacial  biota  is  very  fragmen- 
tary, and  must  be  selected  with  care  to  avoid  serious  errors,  only  material 
from  a  known  geologic  horizon  being  available  for  use.  For  this  reason 
deposits  outside  of  the  area  as  well  as  much  material  lying  upon  the  drift 
sheets  cannot  be  used.  It  is  believed  that  upwards  of  a  million  years  have 
elapsed  since  the  first  field  of  ice  covered  the  country,  a  period  of  sufficient 
length  to  permit  great  changes  in  the  species  of  plants  and  animals  inhabiting 
this  region. 

'*  Chamberlin  and  Salisbury,  Geology,  III,  pp.  415-420. 


CHAPTER  Vn 

THE  NEBRASKAN  ICE  INVASION  AND  THE  AFTONIAN 

INTERGLACIAL  INTERVAL 

I.  The  Nebraskan  Ice  Invasion 

The  extent  of  the  Nebraskan  invasion  is  not  positively  known,  as  it  fell 
short  of  the  later  Kansan  invasion  and  is  buried  beneath  the  drift  sheet  of 
this  stage.  It  has  been  recognized  in  many  places  in  Iowa  and  Nebraskaand 
is  correlated  with  early  drift  deposits  in  Pennsylvania  and  New  Jersey  (Jer- 
seyan).  Between  these  two  areas  few  deposits  referable  to  this  stage  are  known. 
The  ice  radiated  from  the  Keewatin  center  of  accumulation  and  apparently 
extended  down  the  Missouri  Valley  to  an  unknown  extent. 

The  Nebraskan  drift  is  described  as  ''a  dark  blue-black  joint  clay,  some- 
times more  or  less  ferruginous,  which  whem  dry  is  hard  and  brittle,  and  breaks 
up  into  very  small  angular  blocks  (resembling  lumps  of  ordinar>'  starch,  as 
has  been  suggested).  It  is  almost  impervious  to  water,  and  when  wet  is  very 
tough,  tenaceous,  'rubber-like,'  and  so  difficult  to  work  that  it  is  the  abom'na-: 
tion  of  well-diggers  and  road-workers,  being  the  despised  of  all  'gumbos.'  "* 
The  clay  contains  a  few  usually  dark  colored  pebbles  and  small  boulders,  many 
of  which  are  angular  and  exhibit  planed  and  striated  faces,  indicating  that  the 
•Nebraskan  is  a  true  drift  sheet.  Prof.  Upham'  believes  that  the  Nebraskan 
ice  invasion  occurred  in  the  latter  part  of  the  Lafayette  formation,  following 
the  Ozarkian  epeirogenic  uplift 

II.  The  Aftonian  Interglacial  Stage 

Resting  upon  the  Nebraskan  drift  are  deposits  of  gravel,  sand,  and  fine 
silt  ''variously  interbedded  and  cross-bedded,  and  evidently  deposited  by 
currents  of  different  velocities."  The  gravel  is  variously  disposed,  being 
at  the  bottom  in  one  place,  at  the  top  in  another,  and  in  a  few  sections  it  is 
irregularly  interbedded  with  the  sand  (Shimek). 

A.  Organic  Reicains 

The  biota  of  the  Aftonian  Interglacial  stage  has  been  carefully  investigated 
and  described  by  Prof.  B.  Shimek,'  whose  data  form  the  basis  for  the  discussion 

>  Shimek,  Geol.  Iowa,  XX,  p.  307. 

*  Amer.  Geol,  XXX,  pp.  135-150, 1902. 

*  Geol.  Iowa,  XX,  pp.  271-486.  The  name  Aftonian  was  first  used  by  Dr.  Chamberlin 
in  Geikc*s  "Great  Ice  Age,"  1894,  pp.  773-774;  and  in  the  Journal  of  Geology,  lU,  p.  272, 
1895. 
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of  the  life  of  this  stage.  Other  records  of  life  from  the  surrounding  territory 
are  correlated  with  this  stage,  and  it  is  believed  that  a  biota  large  and  varied 
enough  for  comparison  with  earlier  and  later  stages  is  now  available. 

a.   TYPICAL  EXPOSUKES  OF  DEPOSITS 

The  most  typical  exposure  of  Af tonian  gravel  and  sand  occurs  between 
Af  ton  and  Thayer  in  Union  County,  Iowa,*  where  the  deposits  lie  below  Kan^an 
drift.  Sections  nearby  show  the  Nebraskan  resting  on  bed  rock.  No  organic 
remains  were  found  here,  but  in  Harrison  and  Monona  Counties,  evidences  of 
life  are  found  in  abundance.    A  typical  section  is  given  by  Shimek  as  follows.** 

5.  Loess,  appearmg  above  the  cut,  and  ascending  to  top  of  bluff 

4.  Loveland,  a  reddish  joint  day,  with  lines  of  very  large  calcareous  nodules,  more 

than 15  feet 

3.  ELansan,  typical  bluish,  very  calcareous  till 12    " 

2.  Af  tonian: 

Fine  whitish  silt,  about IS    " 

Fine  silt,  mixed  with  sand,  shell  bearing 5    " 

Coarse  gravel,  very  feimginousy  about 7   *' 

This  reaches  10  feet  in  the  nosthemmost  cut 
Fine  crosBrbedded  sand ^ 6  to  12   " 

1.      Nebraskan  drift,  exposed  10  feet,  bat  runnhig  out  both  ways 

The  cuts  in  which  these  sections  are  shown  form  an  almost  continuous 
section  over  500  feet  in  length;  it  is  25  feet  above  the  Little  Sioux  River,  about 
half  a  mile  south  of  the  county  line  between  Harrison  and  Monona  counties. 

b.  TYPICAL  APTONIAN  FAUNA 

The  typical  Aftonian  fauna  as  described  by  Shimek*  and  Calvin^  is  as 
follows: 

HOLLUSCA 

Aquatic  species 

Quadnda  metanevra  Ancylus  riwdaris 

LampsUis  anodimtaidts  Galba  refiexa 
Sphaerium  stdcaium  "     caperaia 

Pisidium  abditum  ''     humilis  modiceUa 

"       campressum  Physa  iniegra? 

Ammcola  qpedes  Planorbis  arUrosus  {'^bicarinatus) 

"        emarginata  parvus 

Valvaia  tricarinata  dUaiatus 

"      hicannata  SegmenHna  armigera 

<  Bain,  Pkoc  Iowa  Acad.  Sd.,  V,  pp.  86-101, 1897. 

•  GeoL  Iowa,  XX,  p.  338. 

*  Pp.  cU.,  pp.  316-342;  Hay,  Iowa  Geol.  Surv.,  XXIII.    The  vertebrate  names  have  been 
made  to  conform  to  this  woik. 

'  Bull  GeoL  Soc.  Amer.,  XX,  pp.  341-356;  XXU,  pp.  207-216. 
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Terrestrial  species 

Pdygyra  (fragments)  ZamUrides  arborea 

Pyra$mdida  altemata  Bifidaria  ammftra 

"       cronkhUei  atUhanyi  Succinea  ovalis 
VaUonia  graciikasUi  "      awra 

VUrea  kamnumis  "      reiusa 

The  molluscan  remains  were  found  chiefly  in  the  finer  sands,  showing  that 
they  lived  in  comparatively  quiet  water.  Exceptionally,  odd  valves  of  Sphae- 
fium  and  fragments  of  Unios  were  found  in  gravel.  The  terrestrial  moUusks 
in  the  above  list  were  swept  into  the  river  by  floods  or  winds,  as  hi^pens  today 
in  similar  situations  in  Iowa  and  other  parts  of  the  glaciated  territory. 

VERTEBKATA 


Small  vertebra  of  a  fish 

Mammalia 

MommiU  americanum  Cameius  species 

Pfogtmium  Camdapi  hamsamust 

Rhabdolnmius  nUrificus  Myitkyms?  Umtranus 

Elephas  columbi  UegaUmyx  leidyi? 

primigemus  Myladom  kaHtmi? 

"      imperalar  Alces  skimeki 

Equus  lanrenHus  AfhHins  calvmi 

"     ccmplkcius  Bisot^fd.aUem 

"     mobrarensis  Casior  cauademis 

"     excdsus  Casiartfides  okioensis 

Neokipparion  gratum  Ursus  americanus 

The  bones  of  these  animals  are  for  the  most  part  isolated  and  in  some  <atses 
fragmentary,  and  evidently  belonged  to  animals  which  had  died  either  in  a 
river  or  had  been  washed  into  a  river  and  the  bones  separated  from  the  body 
as  it  decomposed,  either  lying  upon  a  sand  bar  or  caught  in  rubbish  along  the 
shore.  In  Harrison  and  Monona  counties  the  vertebrate  (as  well  as  other) 
remains  have  been  found  in  sand  and  gravel  pits,  of  which  those  listed  below 
are  the  most  noteworthy. 

Harriscn  Couniy  Momma  County 

Cox  pit,  Missouri  Valley  Wilkinson  and  Griffin  irdls 

Payton  gravel  pit,  Pisgah  Hawthorn  pit,  Mapleton 

McGavem  and  Robinson  pits  Elliott  pit,  Turin 

Sol  Smith  Lake  MtOeary  pit 

Logan,  Rodney,  and  Woodbine  Castanea 

Shimek*  refers  to  a  somewhat  doubtful  section  in  Snyders  H<41ow,  Harrison 
County,  which  is  characterized  at  the  base  by  a  deposit  of  interstratified  black 

•  GeoL  Iowa,  XX,  pp.  365-366. 
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manganese  dioxide.  Indications  are  that  this  should  be  referred  to  the  Af ton- 
ian.  Shimek  remarks  that  ''while  the  fossil  shells  from  this  stratum  are  some- 
what unlike  those  which  wer6  collected  in  the  Af tonian  beds,  the  di£Ference 
is  no  greater  than  that  which  we  might  expect  in  di£ferent  parts  of  the  same 
region,  especially  since  ho  doubt  special  conditions  existed.  It  is  probable 
that  the  deposit  was  formed  in  a  swamp  or  shallow  lake,  and  both  its  shores  and 
bottom  would  produce  environment  unlike  that  of  the  Af  tonian  streams.  The 
preponderence  of  terrestrial  species  is,  however,  very  unusual.^'  The  life  of 
this  deposit  is  indicated  below: 

Polyiyra  monodon  Hdicodiscus  paralUlus 

**       muliilineata  Succinea  autra 

"       profunda  "       ovalis 

Sirobiiops  labyrinUdca  "       retusa 

"        9$rgo  Carychium  exiguum 

Bifidaria  armifera  "         exile 

"       corUracta  Hdicina  occulta 

VUrea  kammonis  Galba  captrata 

Euconulus  fulvus  "     humUis  tnodiceUa 

ZonitMes  arbor ea  ApUxa  hypnorum 

"        minuscula  Fkysa  gyrina 

Pyramidula  aUemata  Planorbis  parvus 

"         cronkhUei  anthonyi  Pisidium  abditum 

C.  DISTRIBUTION  OF  THE  AFTONUN  BIOTA 

There  are  a  number  of  deposits  beyond  the  limits  of  Harrison  and  Monona 
counties  which  are  referable  to  this  interglacial  stage. 

1.  Iowa 

Near  Oelwein,  Fayette  County,  a  fine  white  sand  deposit,  overlying  a  peat 
bed,  occurs  in  a  railway  cut,  which  is  referred  to  the  Aftonian  stage.*  The 
section  may  be  summarized  as  follows: 

5.  lowan  drift 0  to  10  feet 

4.  Buchanan  gravel  (Yarmouth  stage) 0  to  2      " 

3.  Kansan  drift,  with  remains  of  wood 3  to  20    " 

2.  (a)  Sand,  fine-white,  well  water  worn,  often  with  little  silt  and  clay  (Aftonian)  0  to  6  inches 
(b)  Vegetal  layer  and  soil,  2-4  inches  almost  pure  carbonaceous  matter,  the 
rest  largely  charged  with  humus.    Moss  (Hypnum)  common  in  peat  layer 

(Aftonian) 0  to  4  feet 

1.  Sub- Aftonian  (Nebraskan)  drift,  greenish  blue  when  wet,  greenish  cast 

when  dry „ 10  feet  exposed 

•  Beyer,  Proc.  Iowa  Acad.  Sci.,  IV,  p.  59, 1897. 
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The  peat  moss  has  been  identified  as  follows  .*^^ 

Hypnum  (Harpedium)  fluitans  L. 

"  "  revolvens  Swartz 

"      (Cattiergon)  richardsoni  Lesq.  and  James 

The  wood  in  the  overlying  Kansan  drift  'which  is  to  6e  correlated  with  the 
Aftonian  because  it  was  incorporated  in  that  sheet  from  the  underlying  soil 
horizon)  is  identified  as  Larix  americana.  Of  the  mosses,  revolvens  occurs  in 
deep  swamps  from  northern  Ohio  to  Alaska;  richardsoni  has  been  reported 
only  from  British  America  and  the  coast  of  Greenland.  It  is  thot  by  Savage, 
therefore,  that  the  climate  in  which  these  plants  lived  was  of  a  more  boreal 
character  than  today.  This  is  thot  to  be  indicated,  also,  by  the  presence  of 
coniferous  trees  and  the  apparent  absence  of  deciduous  trees.  It  is  probable 
that  the  fauna  reported  by  Calvin  and  Shimek  represents  the  warm-temperate 
climate  and  the  Oelwein  deposit  the  subarctic  or  cold-temperate  climate,  as 
suggested  by  Chamberlin. 

Another  exposure  in  Dodge  Township,  Union  County,  in  the  bank  of  a 
small  stream,  tributary  to  the  Grand  River,  gave  the  following  section:*^ 

4.  Fine-grained,  pebblele^s  soil,  dark  gray  in  color  at  the  surface,  changing  to  yeUow 

in  deeper  portions 2  feet 

3.  Yellow  colored  drift  bearing  numerous  pebbles  and  small  boulders,  maximum 

thickness 21  feet 

2.  Bed  made  up  of  alternating  layers  of  brown  colored  vegetable  matter  and  fine 

grained  light  gray  sand.    Greatest  exposed  thidmess 6^^  feet 

1.  Blue  colored  boulder  clay  containing  numerous  pebbles  and  small  boulders  of 

granite,  greenstones,  quartz  and  quart&ite 10  feet 

No.  2  is  referable  to  the  Aftonian.  At  the  base  of  the  stratum  is  a  layer 
of  clean,  fine-grained  sand,  light  colored,  about  4  inches  thick.  Above  this  a 
layer  of  vegetable  matter  J^  inches  thick,  crowded  with  branches  and  frag- 
ments of  wood.  In  the  upper  vegetable  layers  are  leaves,  stems  and  rhizoids 
of  mosses.  The  rootstocks  of  ferns,  blades  of  grass-like  leaves,  fragments  of 
leaves  resembling  Populus  and  leaves  and  twigs  of  cone-bearing  trees  (Picea?) 
were  also  found  as  well  as  the  wing  covers  (elytra)  of  beetles.    The  moss  has 

been  identified  as 

Hypnum  nUems  (Schreb.)  Schimp. 
"       fiuikms  L. 

It  is  thot  that  this  region  was  first  a  land  surface,  then  a  shallow  pond, 
during  which  time,  the  moss  (which  is  aquatic)  developed;  this  was  drained 
or  filled  up  and  again  became  a  land  surface.    This  was  finally  covered  by  the 

»  Macbridc,  Ptoc.  Iowa  Acad.  Sci.,  IV,  pp.  63-66, 1897,  Savage,  op,  cU.,  XI,  p.  108, 1904: 
Holzinger  and  Best,  The  Bryologist,  Nov.  1903. 
"  Savage,  op,  cU.f  p.  105. 
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Kansan  ice  sheet.  The  vegetation  here,  as  in  the  section  at  Oelwein,  is  of  a 
boreal  or  at  least  a  cold-temperate  character. 

In  Buchanan  County/^  the  Kansan  till  is  filled  with  fragments  of  wood, 
which  are  particularly  abimdant  in  the  lower  part.  This  wood  has  been  identi- 
fied as  Larix  americana,  and  is  referable  to  the  Aftonian  Interglacial  Stage. 

In  Dubuque  County,  Calvin  foimd  these  drift  relics  and  remarks,"  "almost 
as  characteristic  are  the  battered,  frayed,  and  splintered  fragments  of  trees 
which  are  distributed  promiscuously  throughout  a  thickness  of  many  feet  in 
the  lower  part  of  the  drift  sheet."  In  Tama  County,  Savage^*  records  the 
following  section,  in  Otter  Creek  Township: 

4.  Dark-colored  soil  (loess) 4  feet 

3.  Yellow  clay  with  boulders  (Kansan) 95  feet 

2.  Blue  clay  with  boulders  <Kansan) 260   " 

1 .  Bed  of  sand  containing  numerous  pieces  of  wood  2-3  feet  in  length,  1  inch  in  diame- 
ter, as  well  as  molluscan  shells 12 

Hard  rock x 


Another  section  in  Toledo  Township^*  showed  an  Aftonian  deposit  con- 
taining wood  and  vegetable  remains  between  Kansan  and  Nebraskan  drift 
sheets.  The  moUusks  in  the  above  section  have  not  been  identified. '  From  a 
well  20  feet  deep,  two  miles  east  of  Akron,  Plymouth  County,"  the  bones  of 
Mammut  mirificum  (now  Rhabdobuntis  mirijicus)  have  been  taken;  and  at  Le 
Mars  (same  county)  a  pelvis  was  secured  which  probably  belongs  to  the  same 
species.  Possibly  the  tusk  found  in  Grimes  pit,  at  a  depth  of  40  ft,  may  be 
referred  to  the  same  horizon  (Hay,  p.  389).  The  foot  bones  of  a  Megalanyx 
were  also  found  in  the  Jensen  well,  near  Akron.  From  near  Af ton  Junction  a 
species  of  Hipparion^''  (now  identified  by  Hay  as  Neohipparion  gratum)  was 
secured.  Near  Council  Bluffs*^  (Henton  Station)  Camelops  kansanus?,  Equus 
laureniius,  E,  compliccUus,  and  Elephas  colutnbi  have  been  observed.  At 
Sioux  City,  Woodbury  County,  the  remains  of  Megdonyx  have  been  found" 
and  also  Equus  major  (= compliccUus)  which  Todd"  records  from  sand  beneath 
the  upper  (Kansan)  till.  Hay"  also  finds  Equus  laurentius  from  this  locality, 
and  records  Mylohyus?  temerarius^''  from  the  Anderson  gravel  pit,  at  North 
Riverside,  near  Sioux  City  (pag3  227).  In  Mills  County,  in  sand  below  drift, 
a  claw  phalange  of  Megalonyx  was  observed  by  Todd.  Equus  complicatus  is 
also  reported  from  Lyons  Township. 

«  Calvin,  Geol.  Iowa,  VIII,  pp.  240-241, 1898. 

"  An.  Rep.  Iowa  Geol.  Surv.,  X,  pp.  463-470. 

"  Geol.  Surv.  Iowa,  XHI,  p.  234. 

»0^.«/.,  pp.  231-232. 

"  Calvin,  Bull.  Geol.  Soc.  Amei.,  XX,  pp.  355-356. 

"  Bull.  Geol.  Soc.  Amer.,  XXII,  p.  211,  Hay,  Iowa  Geol.  Surv.,  XXIII,  p.  149. 

»•  Bull.  Geol.  Soc.  Amcr.,  XXII,  p.  215. 

»•  Proc.  Iowa  Acad.  ScL,  VI,  p.  126. 


• 
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In  Washington  County,  a  well  section  disclosed  wood  and  cones  of  black 
spruce  (Abies  nigra^mariana)  at  a  depth  of  115  feet**  Five  miles  east  of 
Iowa  City,  Johnson  County,'^  a  peat  bed  occurs  at  a  depth  of  28  feet,  which 
contains  grass,  wood  and  twigs,  seeds  and  other  plant  remains,  besides  coleop- 
terous insects. 

In  Linn  County,^  deep  wells  have  indicated  the  presence  of  Aftonian 
deposits  beneath  Kansan  and  lowan  tills.  A  well  section  in  Township  86 
N.  R.  VI W.,  180  feet  above  the  flood  plain  of  the  Wapsipinicon  River  revealed 
the  strata  indicated  below." 

7.  Black  soil 6  feet 

6.  Yellow  day,  almost  dear  grit  (lowan  loess) 20   " 

5.  Blue  clay,  pebbly  (lowan  drift) 38   " 

4.  Clay,  yellow,  mixed  with  sand  (Yarmouth) 5   " 

3.  Blue  day,  with  a  few  feet  of  muck  (Kansan) 152   " 

2.  Whitish  clay  (Aftonian) - 2   " 

1.  Lime  rock , 1    " 

■   ' 
Height  of  section 224  " 

A  section  near  Central  City,  believed  to  be  in  an  old  channel  of  the  Wap- 
sipinicon River,  gave  a  better  showing  of  Aftonian.*^ 

7.  Black  soil 4  feet 

6.  Yellow  clay,  pebbly  (lowan  drift) 15    " 

5.  Yellow  sand  (Yarmouth) 4   " 

4.  Blue  clay,  changeable  from  hard  to  soft  every  few  feet  (Kansan) 190   " 

3.  Sand,  fine  white  (Aftonian) 13 

2.  Sand,  coarse,  with  wood  (Aftonian) 12 

1.  Coarse  gravel  (Aftonian) 3    " 

Height  of  section 237    " 

Similar  sections  have  been  noted  in  other  parts  of  the  county. 

A  very  deep  section  of  Pleistocene  strata  occurs  at  Stanwood,  in  an  ancient 
(preglacial)  river  valley,  in  Cedar  County.-*    This  is  indicated  below: 

9.  Ydlow  clay  (lowan  loess) 20  feet 

8.  Blue  muck,  ashen  (Kansan  loess) 7    " 

7.  Green,  bright  hard  day 1    " 

6.  Yellow  clay  (Loveland) 7    " 

»•  Bain,  Geol.  Iowa,  V,  pp.  153-154. 

"  Webster,  Amer.  Nat.,  XXII,  pp.  414-415. 

«  Norton,  Geol.  Iowa,  IV,  pp.  168-184. 

»0^.  ci/.,  p.  179.  \ 

*^Op.cU.,p.  175. 

*  Norton,  Geol.  Iowa,  XI,  p.  344. 
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5.  Blue  clay,  pebbly  (Ransan) 65  feet 

4.  Sand  with  fragments  of  wood,  5  feet  very  fine,  coarser  below  (Aftonian) 15   " 

3.  Blue  clay,  hard,  pebbly  (Nebraskan) 65   " 

2.  Sand 116    " 

1.  Clay,  black,  hard,  tough,  dries  like  shale  (Maquoketa  shale) 44   " 

Height  of  section 340   " 

In  Henry  County,  on  the  poor  farm  at  Mt.  Pleasant,  the  bones  of  a  mastodon 
were  found  in  a  well,  either  in  or  immediately  below  the  Kansan  drift. *  In 
Page  County,  near  Blanchard,  the  bones  of  a  mastodon  were  found  in  a  well 
54  feet  below  the  surface  and  pieces  of  wood  at  90-95  feet  (vide  Calvin  and 
White).  An  old  soil  beneath  Kansan  drift  has  been  recorded  from  the  follow- 
ing localities,  but  no  definite  species  of  plants  or  animals  are  mentioned. 
Decatur,*'  Benton,**  Poweshiek,**  Wa)me,'®  lowa,*^  Chickasaw,^  Monroe,^ 
Mitchell,"  Kossuth,  Hancock,  and  Winnebago,**  Cherokee  and  Buena  Vista,** 
Clay  and  Obrien,*'  Henry,**  Howard,**  Cedar,*<>  Worth,^  Dubuque,**  Ply- 
mouth,^ Delaware,**  Johnson,**  Marshall,**  Guthrie,*'  Pottawattamie,**  Mills,** 
Fremont,*®  Lyon  and  Sioux,'*  and  Wapello  counties.** 

"  Anderson,  Augustana  Lib.  Pub.,  No.  5,  p.  27. 

"  Bain,  Geol.  Iowa,  VIII,  p.  286. 

»  Savage,  Geol.  Iowa,  XV,  p.  201. 

»•  Stookey,  Geol.  Iowa,  XX,  p.  260. 

••  Aiey,  Geol.  Iowa,  XX,  p.  224. 

»  Stookey,  Geol.  Iowa,  XX,  p.  172. 

«  Calvin,  Geol.  Iowa,  XII,  p.  279. 

"  Beyer,  Geol.  Iowa,  XII,  p.  379. 

«  Calvin,  Geol.  Iowa,  XII,  p.  326. 

"  Macbride,  Geol.  Iowa,  XII,  p.  100. 

"Macbride,  Geol.  Iowa,  XII,  p.  317. 

"  Macbride,  Geol.  Iowa,  XI,  p.  483. 

*•  Savage,  Geol.  Iowa,  XII,  p.  289. 

••  Calvin,  Geol.  Iowa,  XII,  p.  62. 

**  Norton,  Geol.  Iowa,  XI,  p.  343. 

*^  Beyer,  Geol.  Iowa,  X,  p.  357. 

^  Calvin  and  Bain,  Geol.  Iowa,  X,  p.  463. 

«  Bain,  Geol.  Iowa,  VIII,  p.  340. 

**  Calvin,  Geol.  Iowa,  VIII,  p.  164. 

«  Calvin,  Geol.  Iowa,  VII,  p.  84. 

«  Beyer,  Geol.  Iowa,  VII,  p.  230. 

«  Bain,  Geol.  Iowa,  VH,  p.  468. 

«  Udden,  Geol.  Iowa,  XVII,  p.  496. 

"  Calvin,  Bull.  Geol.  Soc.  Amer.,  XX,  p.  344. 

»•  Udden,  Geol.  Iowa,  XII,  pp.  165-167. 

"  Wilder,  Geol.  Iowa,  X,  p.  124. 

"  Shimek,  Geol.  Iowa,  XX,  p.  307, 
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Hay  (Iowa  Geol.  Surv.,  XXIII)  adds  the  following  data  concerning  the 
vertebrate  fauna  of  Iowa: 

Lee  County,  Montrose.  Tooth  of  Equus  niobrarensis  at  depth  of  25  fpet 
(p.  77). 

Pottawattamie  County,  near  Oakland.  Incisor  tooth  of  Castoroides 
okioensis  from  sand  in  Nishnabotna  River  {p.  82). 

Lyon  County,  Doon.  Tusks  of  proboscidian  in  gravels,  25  feet  below  the 
surface  (p.  83). 

Mahaska  County,  near  Oskaloosa.  Right  innominate  bone  of  probosci- 
dian, brot  from  bed  of  Skunk  River  by  hook  of  fisherman  (page  440),  possibly 
Aftonian. 

Leighton^  records  Aftonian  wood  fragments  in  a  soil  zone  beneath  Kansan 
till,  in  new  cuts  on  the  C.  M.  &  St.  P.  Ry.,  in  the  vicinity  of  Delmar  Junction. 

2.  Nebraska 

In  Nebraska,  the  Aftonian  stage  has  been  identified  in  Douglas  County, 
good  exposures  occurring  at  Omaha,  where  Equus  and  Eiephas  imperalar  have 
been  found,  as  well  as  at  Council  Bluffs,  just  across  the  river.^  In  a  cut  near 
Hartington,  Cedar  County,^  the  Kansan  drift  rests  upon  a  calcareous  marl 
from  which  the  following  mollusks  have  been  identified: 

Valvaia  tricarinata  Planorbis  partus 

Gatba  obrussa  (^desidiosa)  Succinea  obliqua  (totalis) 

"     palusiris  (imperfect  specimen)        Sphaerium  siriatinum 

Todd  also  describes  a  "volcanic  ash"  stratum  beneath  drift,  five  or  six 
miles  south  of  Santee,  Knox  County.  Beneath  this  stratum  is  a  bed  of  lami- 
nated clay  containing  a  multitude  of  the  shells  of  Litnnophysa  desidiosai—Gal- 
ba  obrussa)}^  Hay  {op.  cit,,  pa^e  141)  records  Mylodan  harlani?  from  Tecmn- 
seh,  Johnson  County. 

3.  Missouri 

In  Missouri,  several  deposits  occur  which  should  apparently  be  cor- 
related with  the  Aftonian  stage.  Three  are  well  within  the  area  covered  by 
the  Kansan  drift  sheet,  the  balance  are  near  the  southern  limit  of  the  drift. 
Bain^  records  a  forest  bed  nine  feet  in  thickness  and  120  feet  below  the  surface 
in  Harrison  County;  McGee'^  mentions  a  forest  bed  in  Macon  County;  and 

•«*  Science,  N.S.,  XLIV,  p.  68, 1916. 

w  Shimek,  Geol.  Iowa,  XX,  p.  308,  XXI,  p.  138. 

•♦Todd,  BuU.  158,  U.S.  Geol.  Surv.,  p.  73. 

»Op.c»/.,p.  70. 

*•  Geol.  Iowa,  Vm,  p.  290. 

"  Trans.  Acad.  ScL  St  Louis,  V,  pp.  305-336. 
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Broadhead  gives  the  following  section  from  a  well  located  five  miles  southwest 
of  Gallatin,  Daviess  County,  near  Honey  Creek.-** 

1.  Soil Ifoot 

2.  Ydlowday 3  feet 

3.  White  stratum.... 4   " 

4.  Joint  clay  with  pebbles  and  bouMen 12    " 

5.  Blue  clay 20   " 

6.  Hard  red  sand 1%   " 

7.  YeUowsand 7   " 

8.  Blue  sand  with  sticks  and  leaves 3   " 

9.  Clay  shales 3    " 

In  No.  5  of  the  above  section,  at  a  depth  of  35  feet  below  the  surface,  an 
elm  stick  and  a  grapevine  were  seen.  No.  5  is  Kansan  and  the  underlying 
deposits  are  certainly  Aftonian.  Several  nearby  wells  (sections  27,  28,  29, 
and  33)  contained  wood,  one  at  40  feet  (walnut)  and  another  ^ine)  at  70  feet. 

South  of  the  Missouri  River,  in  the  counties  bordering  the  Missouri-Kansas 
state  line,  a  few  records  appear  referable  to  the  Aftonian  stage.  Four  miles 
north  of  Pleasant  Hill,  Cass  County ,••  the  skull  of  a  bison  (Bison  latifrons) 
was  foimd  in  gravel  with  decomposing  fresh  water  shells,  at  a  depth  of  12  feet, 
under  soil  and  dark  clay.  In  Bates  County,*®  a  well  at  Papinville  gave  the 
subjoined  section: 

Yellowish  clay * 30  feet  10  inches 

Bluish  day 0   "      4      " 

Thin  sand  stratum  with  tooth  of  horse 0   "      x      " 

Gravel  bed 5    " 

The  bones  and  tusks  of  a  mastodon  are  reported  from  the  banks  of  the 
Marias  de  Cygnes,  embedded  in  similar  deposits.*^  In  Vernon  County,  near 
Nevada,®*  a  gravel  bed  occurred  in  a  weU  boring,  16  feet  below  the  surface, 
which  contained  a  walnut  log.  Four  miles  north  of  this  well,  charred  wood 
suid  bivalve  shells  were  found  at  a  depth  of  19  feet.**  In  Benton  County,** 
Plaiygonus  compressus  {^Dicotyles  costcUus)  has  been  foimd  associated  with 
mastodon  remains.  Calvin**  records  several  species  of  mammals  from  Aftonian 
deposits  near  Rockport,  Atchison  County,  in  the  Whitman  gravel  pit,  sect.  22, 
T.  64,  N,  R.  41  W. 

••  GeoL  Missouri,  1873-74,  pp.  313-314. 

**  Broadhead,  Amer.  Nat.,  IV,  pp.  61-  62. 

••O^.CT/.,  pp.  60-61. 

*'  Broadhead,  Geol.  Missouri,  1873-74,  p.  157. 

•*  Broadhead,  Geol.  Missouri,  1873-74,  p.  121. 

•»  Amer.  Nat.,  IV,  pp.  61-62. 

•*LeContc,  Proc.  Phil.  Acad.,  1852,  pp.  5-6. 

•  Bull.  Geol.  Soc.  Amer.,  XXII,  pp.  211-212. 
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Neohipparion  gtatunf^  Camdops  kamsanus? 

Equus  complicaius  EUpkas  cdumbi 


Equus  nichrarensis 


4.  Kansas 


The  Kansan  ice  sheet  overran  a  small  part  of  northeastern  Ejinsas.  Be- 
neath this  till  sheet  the  remains  of  vertebrates  have  been  found  which  are 
evidently  referable  to  the  Af tonian  stage.  Lucas*  gives  the  following  reference 
to  an  extinct  bison  from  this  area:  Millwood,  Leavenworth  County,  25  feet 
below  the  surface.  Savage^  has  described  a  fossiliferous  horizon  in  Douglas 
County  southwest  of  Lawrence,  near  the  Wakarusa  River,  which  is 
certainly  referable  to  the  Aftonian.  It  is  greatly  to  be  regretted  that  the  mus- 
sel (muscle)  shells  were  not  identified  as  to  species.  Of  this  deposit  Savage 
says  "The  (mastodon)  jaw  was  found  in  what  was  once  the  bottom  of  a  fresh 
water  lake  or  estuary,  which  extended  for  several  miles  both  up  and  down  the 
creek;  its  boundaries  have  not  yet  been  determined,  nor  perhaps  ever  can  be 
with  exactness.  That  it  extends  out  beneath  the  bottom  lands  adjoining,  is 
proven  by  the  many  springs  which  issue  from  it  in  different  localities  up  and 
down  the  stream^  and  it  can  be  traced  each  way  from  where  the  jaw  was  found, 
some  ten  or  twelve  miles  in  extent.  Besides  the  thick  layer  of  muscle  shells 
which  line  this  ancient  lake-bed,  we  find  the  trunks  of  old  trees  protruding, 
as  well  as  small  sandy  concretions  containing  net-veined  leaves  within  them. 
In  addition  to  these  layers  of  muscle  shells,  old  trees  and  concretions,  we  also 
find  bones  of  what  appear  to  be  the  remains  of  the  buffalo,  antelope,  elk,  and 
some  other  animals  as  yet  under tennined;  but  all  in  an  unfossilized  state. 
This  goes  to  prove  that  the  animals  whose  bones  we  find  along  the  same  horizon 
with  the  mastodon,  and  are  not  fossilized,  did  not  live  contemporaneously 
with  the  mastodon  whose  jaw  was  found  fossilized.  We  conclude  then,  that 
the  mastodon  jaw,  though  not  way-worn  at  all,  was  washed  into  this  old  lake- 
bed  after  fossilization  had  taken  place,  and  may  be  all  of  the  animal  that  was 
preserved. 

"I  might  also  add,  that  Mr.  M.  Sayler,  during  last  summer,  explored  the 
banks  of  the  Wakarusa  for  some  ten  or  twelve  miles  by  boat;  his  explorations 
only  confirm  our  own  previously  made,  and  added  considerally  to  our  previous 
collection  of  unfossilized  bones. 

"This  lake-bed  in  which  the  mastodon  jaw  was  found  is  about  twenty-five 
feet  below  the  present  surface  of  the  groimd.  Whatever  fossil  treasures  are  in 
this  locality  we  cannot  now  determine;  but  so  many  bones  have  already  been 
found  that  we  already  speak  of  it  as  the  Bone-bed  of  the  Wakarusa. " 

••  Hay,  Iowa  Gcol.  Survey,  XXIH,  p.  149. 
••  Proc.  U.  S.  Nat.  Mus.,  XXI,  pp.  751. 
•»  Trans.  Kansas  Acad.  Sci.,  VI,  pp.  10-11. 
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A  tusk  and  tooth  of  a  mastodon  have  been  found  in  eighteen  Mile  Creek, 
Franklin  County,  but  the  horizon  is  doubtful,  altho  it  may  have  been  Afton- 
ian.**  The  same  holds  true  of  the  horn-core  of  Bison  alleni,  which  was  fished 
from  the  bed  of  the  Big  Blue  River,  a  few  miles  from  Manhattan,  Riley 
County .••    This  was  at  first  referred  to  Bison  latifrons. 

In  Linn  County,*^  in  coal  shaft  number  2,  three  and  one-half  miles  south'- 
west  of  Biocourt,  in  the  valley  of  the  Marias  des  Cygnes,  the  skull  of  Cos- 
toroides  was  foimd  at  a  depth  of  34  feet  in  a  layer  of  sedimentary  material  of  a 
bluish  color  overlying  a  deposit  of  sandy  conglomerate.  The  deposit  is  be- 
lieved to  be  the  same  as  that  at  Trading  Post,  which  was  above  a  conglomerate 
and  contained  bones  of  elephant,  horse,  camel,  etc.  A  section  at  Trading  Post 
exhibited  the  following  strata  (p.  391): 

Black  loam 6     feet 

Mariyday. 12       " 

Blue  and  ydlow  marl,  verging  into  shale 12       " 

Bluish  sflt,  with  bones 1%   " 

Cbnglomerate,  lying  on  the  heavy  Bethany  Falls  limestone 1%   " 


Height  of  section „..    33 


tt 


The  deposit  at  Biocourt  is  believed  to  be  Aftonian  and  the  skull  has  been 
named  Casioroides  kansensis. 

5.  South  Dakota 

In  South  Dakota,  Casioroides''^  has  been  recorded  by  Calvin  from  Sioux 
Falls.  Todd'*  reports  wood  from  wells  in  the  lower  part  of  the  till  ygbich  he 
refets  to  a  preglacial  or  circumglacial  forest.  It  is  probably  an  Aftonian  forest 
overriden  by  the  Kansan  ice.  A  section  three  and  a  half  miles  west  of  Fair- 
view,  Lincoln  County,  on  the  Big  Sioux  River,  apparently  includes  the  Afton- 
ian.'*   The  section  is  shown  below: 

Loess r 6-10  feet. 

Till  with  irregular  stratified  sand  strata  toward  the  bottom.    The  lower  20 

feet  is  blue  and  almost  free  from  pebbles 100-1 10  feet. 

Fine  sand  with  large  rusty  concretions  of  upper  portions  and  a  few  fragments 
of  large,  pearly  shells  (Unios).  The  stratum  is  of  undeterminable  thick- 
ness   20feeL 

Unexposed.    Probably  much  of  it  is  a  pebbleless  clay  of  Cretaceous  age 110  feet. 

The  sand  containing  Unios  is  apparently  referable  to  the  Aftonian  interval. 

m 

**  Wheeler,  Trans.  Kansas  Acad.  Sd.,  VI,  p.  11. 

••  Mudge,  op.  cU.,  V,  pp.  9-10;  Hay,  Iowa  Geol.  Surv.,  XXIII,  p.  326. 

•••  Martin,  Kansas  Univ.  Sci.  Bull.,  VI,  No.  6,  pp.  389-396,  1912. 

»•  Bull.  Geol.  Soc.  Amer.,  XXII,  p.  215. 

"  Bull.  158,  U.  S.  Geol.  Surv.,  p.  121. 

"  Op.  cU.,  p.  83. 


236 


LIFE  OF  THE  PLEISTOCENE 


Todd^  records  a  dark  old  soil  in  the  Big  Sioux  Valley,  Minnehaha  County, 
east  of  Sioux  Falls,  between  two  till  sheets,  and  lists  certain  mollusks  from  the 
same  horizon.  Wilder'^  has  published  a  section  in  which  these  mollusks  occur. 
According  to  Carman^  and  Shimek,'*  the  territory  in  the  immediate  vicinity 
of  Sioux  Falls  is  covered  by  Kansan  drift,  and  hence  the  strata  containing  life 
which  lie  beneath  the  till  must  be  Af  tonian.  There  is  no  Wisconsin  till  in  this 
region.    Wilder's  section  and  list  of  fossils  appear  bdo^v 

CiMng  on  I.  C,  RR,^  one  half  miU  east  of  5i4mx  Polls. 

5.  Sandy  loess,  in  places  sand 1-3  feet, 

4.  Drift,  unoxidiaed,  with  fresh  pebbles 6-10  feet. 

3.  Silt,  slate  color,  with  shells 3  feet. 

2.  Gravel,  stained,  partially  decayed 1-2  feet. 

1.  Drift  with  ferretto  very  distinct 15  feet. 

The  following  fossils  have  been  reported  from  No.  3. 

Planorbis  hicarinakis  ( » an^osus)  Spkaerium  sulcatum  (  « simile) 

"        parvus  VaUonia  costata  (1  spedmen) 

Physa  heUrostfopka  Mud  turtle 

GaUba  caperata  Equus  species  (cervical  vertebrae) 

Vahata  tricarinaia  Smaller  bones  (undetenninable) 
Pisidium  compressum 

From  near  "the  brewery, "  in  Sioux  Falls,  two  species  of  mollusks  have  been 
recorded:  Galba  caperata  and  Planorbis  albus. 

Recently,  Shimek  has  given  special  attention  to  the  r^on  about  Sioux 
Falls  and  many  sections  are  described  by  him  which  contain  fossils  referable  to 
the  Aftonian  interval.'^ 

At  the  Otis  mill-site  section,  in  Union  County,  situated  on  the  west  side 
of  the  Big  Sioux  River,  opposite  Chattsworth,  Iowa,  a  dark  fossiliferous  silt 
resting  on  the  Cretaceous,  contains  the  following  mollusks: 

Planorbis  bicarinatus  ( ^antrosus)  Amnicola  species 

"        dilatatus  Pisidium  species 

Segmentina  armigera  Spkaerium  sulcatum  (^simile) 

Physa  gyrina  Unio,  fragments 

Galba  reflexa  Pyramidula  cronkhitei  a$Uhonyi 

**     humilis  modicdta  Strobilops,  fragment 
Valvata  tricarinaia 

In  Sioux  Falls  the  sections  indicate  that  the  Kansan  ice  ploughed  up  the 
Aftonian  Intergladal  silts,  causing  them  to  lie  between  two  beds  of  Kansan 

»  Proc.  Iowa  Acad.  Sci.,  VI,  pp.  122-130. 

w  GeoL  Iowa,  X,  p.  127. 

»  Proc.  Iowa  Acad.  Sci.,  XX,  pp.  237-250. 

>•  BuH.  Geol.  Soc.  Amer.  XXIII,  pp.  125-154. 

»» Bull.  Geol.  Soc.  Amer.,  XXIII,  pp.  125-154,  1912. 
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till  in  some  places.    The  section  in  the  cutting  of  the  Illinois  Central  Railway, 
as  inteipreted  by  Shimek,  is  shown  bdow. 

Sandy,  somewhat  loesB^Uke  stratum,  possibly  aeolian ^ 2-5  feet. 

Gray,  weathered  drift,  probably  Kansan ^-g  feet. 

Gravel,  sand,  and  silt: 

Sand,  gravel,  and  boulders ' 1-2  feet. 

Silt,  with  sand  and  pebbles,  ferruginous 2-4  feet. 

Sand,  gravel,  and  boulders 5-6  feet. 

Weathered  gray  drift,  probably  Kansan,  exposed 2  feet. 

From  the  silt  a  number  of  moUusks  were  obtained  together  with  the  bones 
of  a  horse.^* 

*  Planorhis  bicarimUus  (^anirosus)  Galba  reflexa 

*  "        pofpus  •      "     captrata 

"        dilaiakis  "     humilis  modiceUa 

Ancylus  rimdans  *  Pisidium  compressutn 

Vahata  tricaHnata  "       abdUum  (?) 

Amnkola  spcdts  Spkaerium  sukaium  (^simile) 

SegmerUina  armigera  Anodonta  ipibecUis  (?) 

*  Physa  itUegra  *  VaUonia  coskUa 

"     sayi(?)  Equus  scoUi  {E.  laurerUiuSt  vide  Hay) 

In  the  Collins  sand  pit  the  following  evidences  of  life  were  observed:'* 

Unio  vpedcB  Equus  scaUi  (£.  mcbrarensiSt  vide  Hay) 

Spkaerium  sulcatum  (^simile)  Castoraides  species 

Mastodon  and  musk  ox  bones  are  recorded  by  Todd  from  lower  strata  east 
of  Sioux  Falls,  near  the  Big  Sioux  River.*® 

6.  Montana 

Alden*^  records  a  pre-Wisconsin  glacial  drift  in  the  r^on  of  Glacier 
National  Park  which  is  thot  possibly  to  correspond  with  the  Nebraskan  or 
Kansan  drift  sheets.  A  second  pre-Wisconsin  is  also  thot  possibly  to  be  repre- 
sented. A  section  on  St.  Maiy  River  north  of  Sloan's  Ranch,  just  north  of 
the  International  Boundary,  exhibits  the  following  strata: 

Northeastern  till,  containing  crystalline  boulders 

Loess,  sandy  at  top 6  feet 

Son,  black  clayey  loam,  consisting  of  the  weathered  surface  of  the  lower  loess  bed 10  feet 

Typical  loess,  containing  concretions,  hard  shells,  and  bones  of  small  animals 5  feet 

Northeastern  drift  containing  many  decomposed  boulders 2  feet 

Shale 

**  Those  q)ecie8  marked  with  an  *  were  included  in  Todds  list,  where,  however,  Physa 
irUegra  is  identified  as  Pkysa  heterostropka. 

'•  Calvin,  Bull.  GeoL  Soc.  Amer.,  XXn,  pp.  211-212. 

••  Bull.  No.  158,  U.  S.  GeoL  Surv.,  p.  85. 

••  BuU,  GeoL  Soc.  Amer.,  XXIV,  p.  546, 1913. 
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7.  Minnesata 

It  is  not  definitdy  known  how  far  north  the  Aftonian  deposits  extend,  but 
it  is  believed  that  they  are  represented  in  the  southern  part  of  Minnesota. 

Chamberlin^  has  correlated  with  the  Aftonian  certain  peaty  deposits  in  the 
basin  of  Lake  Agassiz,  together  with  other  peat  beds  between  the  two  till 
sheets  in  southern  Minnesota,  described  by  U^nchell.  At  this  time,  however, 
the  pre-Kansan  or  Nebraskan  till  sheet  was  but  little  known,  and  the  Aftonian 
was  placed  above  the  Kansan.  The  recogniti<m  of  the  Aftonian  as  an  interval 
between  the  Kansan  and  the  Nebraskan,  places  some  of  these  deposits  from 
Minnesota  above  the  Kansan,  and  hence  correlates  them  with  the  Yarmouth 
Interglacial  stage.  A  number  of  Minnesota  records,  however,  appear  to  be 
referable  to  the  Aftonian  interval. 

In  Wilkin  County,"  at  Mitchell,  a  well  record  gave  the  following  section  : 

Soil 2    fcet. 

Ydlowiah-gray  tUl 6       " 

Gray  land H     "  * 

Daik  bluish  till 18       " 

Sandy  black  mud z       ** 

The  sandy  black  mud  contained  many  small  gastropod  shells.  The  dark 
blue  till  is  evidently  Kansan  and  the  shells  are  referable  therefore  to  the  Afton* 
ian  interval. 

In  McLeod  County,  a  ntmiber  of  wells  encountered  moUusks  at  various 
depths."*  A  boring  from  the  Stewart  railroad  well  descended  to  a  considerable 
depth,  as  noted  below: 

YcUo^  tiU 20  feet 

Dark  bluish  till 240  feet 

Sand  with  gravel 5  feet 

Height  of  section 265  feet 

At  100  feet,  in  a  thin  muddy  layer,  shells  were  found,  and  at  110  feet  more 
shells.  At  177  feet  the  trunk  of  a  tree  was  encountered.  In  the  sand  and 
gravel  at  the  bottom  a  number  of  fragments  of  bones  were  found.  The  dark 
bluish  till  includes  both  Wisconsin  and  Kansan  till,  and  the  shells  at  100  and 
110  feet  are  evidently  referable  to  the  Yarmouth  interval.  The  bones  in  the 
gravel  at  the  bottom  are  possibly  Aftonian. 

In  Cottonwood  County  gastropod  shells  and  wood  have  been  found  60 
feet  below  the  surface  at  Windom,  and  in  Jackson  County^  wood  and  small 

"  Journ.  GcoL,  III,  pp.  272-273, 1895. 
"  Geol.  Min.,  Final  Rep.,  II,  p.  529. 
•*  Op.  cU,,  pp.  186-187. 
•*0^.cj7.,I,p.511. 
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gastropod  sheDs  are  reported  from  a  depth  of  100  feet.  The  great  depths  of 
these  deposits  indicate  that  they  underlie  the  Kansan  drift  and  are  therefore 
referable  to  the  Af tonian  interval.  The  records  from  Murray,*  Nobles,*  and 
Rock  counties^^  also  apparently  belong  to  the  same  horizon.  Fromthe  last,  at 
Luveme,  clam  shells  and  wood  are  reported  from  a  depth  of  81  feet.  Red 
cedar  and  tamarack  occur  in  these  strata.  It  is  also  extremely  probable  that 
the  old  soils  reported  from  Olmsted,'^  Filmore,  and  Winona  counties  should  be 
referred  to  the  Aftonian  stage. 

8.  Wisconsin 

Few  evidences  of  Aftonian  life  have  been  observed  from  this  state.    An  old, 

pre-Kansan  drift  has  been  recorded  by  Wiedman^  who  describes  it  as  "a  very 

old,  thin  drift."    Koehler***  describes  an  old  forest  bed  4  to  12  inches  thick, 

near  Woodville,  St.  Croix  Co.,  which  appears  to  be  referable  to  the  Aftonian 

interval.    The  wood  was  identified  as  spruce.    The  order  of  strata  was  as 

follows: 

lUinoian  drift 
Weathered  soU 
Kansan  drift 
Old  torest  bed 
Pre-Kansan  drift 

9.  Illinois 

In  Illinois,  Aftonian  deposits  are  apparently  indicated  in  several  places. 
At  Bloomington,  McLean  County,  a  well  section  passes  thru  many  deposits, 
showing  the  Aftonian  at  the  base.** 

1.  Surface  soil  and  brown  clay  (Wisconsin 10  feet. 

2.  Blue  clay  (Wisconsin) 40    " 

3.  Gravelly  hard  pan  (Wisconsin) 60    " 

4.  Black  mold  with  pieces  of  wood  (Sangamon) 13    " 

5.  Hardpan  and  clay  (lUinoian) 89 

6.  Black  mold  (Yarmouth) 6 

7.  Blue  clay  (Kansan) 34 

8.  Sand,  bufif  and  drab,  with  fossil  shells  (Aftonian) 2    " 

Height  of  section 252 


It 
tt 
tt 


tt 


Bannister*^  records  Hdicina  occulta  from   No.  8  and  suggests  that  the 
deposit  may  be  loess. 

■»  Op,  cit.,  I,  p.  529. 

"  Op,  cU.,  p.  530. 

•^O^a7.,p.553;264;312. 

••  Science,  N.  S.,  XXXVII,  No.  951,  p.  457, 1913. 

•••  American  Forestry,  XXII,  pp.  92-93, 1916. 

'*  Leverett,  Illinois  Glacial  Lobe,  p.  108. 

••Geol.  Illinois,  IV,  p.  178. 
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In  the  vicinity  of  Rock  Island  several  exposures  referable  (apparently)  to 
the  Aftonian  occur,"^  and  a  well  section  is  given  by  Leverett  which  is  repro- 
duced below: 

8.  Yeflow  tOl  (probably  Ulinoian) 5  feet. 

7.  Black  muck  (Yarmouth?) 1  " 

6.  Brown  till  (leached  2  or  3  feet) 7  " 

.5.  Bhic  tiU  (probably  Kansan) 4  " 

4.  Black  calcareous  silt,  with  gastropod  fossils 8  " 

3.  Black  muck 5  " 

2.  Green  muck  with  a  few  local  pebbles « 5  " 

1.  Coal  measure  shale x  " 

Height  of  section 34    " 

The  gastropod  shells  in  No.  4  were  identified  as  follows: 

Heiicina  occulta  Pyramidula  cronkhitei  anihonyi 

Pupa  aUicola  Succinea  aoara 

Similar  deposits  occur  in  the  b*uffs  east  of  Cordova,  Illinois,  and  Clinton, 
Iowa. 

How  far  eastward  the  Aftonian  biota  may  have  extended  is  not  at  present 
definitely  known.  Like  the  faima  and  flota  of  the  Pliocene,  it  was  probably 
widely  distributed  in  all  directions.  Several  deposits  outside  of  the  southern 
limits  of  the  ice  sheets  may  possibly  be  correlated  with  this  stage,  as  for  example 
the  Hay  Springs,  Nebraska,  fauna,  and  the  Christmas  Lake,  Oregon,  fauna. 

10.  Canada 

No  deposits  of  unquestionable*  Aftonian  age  are  known  from  Canada. 
Coleman"  in  a  late  paper  refers  the  Toronto  Interglacial  deposits  to  the  Afton- 
ian interval.  The  fauna  of  these  deposits  seems  more  like  that  of  the  Yar- 
mouth or  Sangamon,  especially  the  mammals.  The  deposits  have  usually 
been  classed  as  post-IUinoian  (Sangamon)  and  they  are  so  considered  in  this 
paper.  More  conclusive  data  seem  necessary  to  correlate  these  deposits  with 
the  Aftonian. 

A  new  species  of  plant  (Ficus)  found  in  interglacial  deposits  of  the  Kootenay 
Valley,"®  British  Columbia,  may  belong  to  the  Aftonian  interval,  as  well  as  the 
Montana  deposits  described  by  Alden  and  mentioned  on  a  previous  page  of 
this  work.  No  age  is  given  by  Hollick.  It  is  also  possible  that  they  may 
be  of  Yarmouth  age  and  post-Kansan. 

"  Leverett,  Mon.  XXXVIII,  p.  114;  Udden,  Proc.  Iowa  Acad.  Sci.,  V,  p.  103. 
«  Bull.  Geol.  Soc.  Amer.,  XXVI,  pp.  243-254, 1915. 
«  Hollick,  Bull.  Geol.  Soc.  Amer.,  XXVI,  p.  159, 1915. 
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III.  Systematic  Catalog  of  the  Biota  Referred  to  the  Aftoniak 

Intekglacial  Interval 

PLANTS 

BRYOPHYTA 

Hypnaceae 

CampMhedumniUns  (Schreb.)  Schimp.  ^Hypnum  nitens, 
Drepanodadusfluitans(L.)VJujist.  » 

"         revolvens  SwarU.  « 
CaUiergon  rickardsoni  Lesq.  and  Jams.  » 


» 


fiuitans. 
revdvens. 
''      rickardsoni. 


a 


PTERIDOPHYTA 


Species  indet. 


SPERMATOPHYTA 
GYMNOSPERMAE 

PmACEAE 

Pffnttf  species 

Larixlaricina  (DuRoi)  Koch"*£.  americana, 

»  mariana  (MiU.)  BSP.-i4M»  nigra  Link. 

ANGIOSPERMAE 


Species  indet. 


Popukis  spcdcs 


Juglans  species 


Ulffiu$  species 


VUis  q)ecies 


Quadnda  metanevra  Raf . 
AncdtnUa  imbeciUs  Say  (?) 


llONOCOTYLEDONAE 

Graioneae 

DICOTELEDONEAE 

Saucaceae 

juglandaceae 

Urticaceae 

VlTACEAE 

ANIMALS 

MOLLUSCA 
PELECYPODA 

Unionidae 

LampsUis  atwdorUoides  (Lea) 
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Sphaenum  mkahtm  (Lam.) 
stnoUnum  (Lam.) 


tf 


Hdkima  ouvUa  Lam. 
Vaiatia  tricarinaia  Say 

Ammcala  species 

Pkysa  inUgra  Hald. 
"     sayi?  Tappan. 

Ancylus  rhtdaris  Say 


FlanaHns  amifosus  Conrad 
"       pamts  Say 
dUaUilusGwM 


n 


Cdba  chrussa  (Say) 
"  iMana  (Say) 
"     humUis  modicaUa  (Say) 

Carychium  exiguum  (Say) 


Suuinea  avalis  Say 
"       afOfa  Say 


Sphaekiida£ 

Pisidimm  abdiimm  (HabL) 

C0iii^«f  mm  (Prime) 


>t 


VaUonia  gracUicosta  Reinh. 


Bifidaria  armifera  (Say) 
"       cotUracta  (Say) 


GASTROPODA 
Heucinidae  ^ 

Valvatidae 

Vahata  hkannata  Ijol 

Amniooudae 

i4jiwi>coto  emargfnata  Ruster 

Physidae 

Pkysa  gyrma  Say 
ApUxa  kypnofum  (linn.) 

Ancyudae 

Planosbidae 

PUmotUs  aUms  MUUer  (»*tfnrfi»  GU.) 
SegmeiUma  armigera  (Say) 

Lymnaeidae 

Gaiba  caperaia  (Say) 
"     palustns  (MuUer) 
'»     f erjfrxa  (Say) 

AUKICUUDAE 

Carychium  exilt  H.  C.  Lea 

SUCCINEIDAE 

Swccinea  retusa  Lea 


Vallonhdae 

VaUonia  costata  (MOller) 

PUPILLIDAE 

Strobihps  lahyrinihica  (Say) 
Virgo  (Pllsbry) 

Endodontidae 

Spkyradium  edenkdum  aUicda  (IngersoU)         Hdicodiscus  paralMus  (Say) 
Pyramidula  crankkitd  amUumyi  Pilsbry  Pyramidula  altemala  (Say) 

Zonitidae 

Zoniioides  arbor ea  (Say)  Euconulus  fulpus  (Miiller) 

"        minuscula  (Bimiey)  VUrea  kammonis  (Strdm.) 

Helicidae 

Pciygyra  monodon  (Rackett)  Polygyra  profunda  (Say) 

"       muUUineata  (Say) 
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Wing  cases,  species  undetermined 


Mud  turtle 


*  Megalonyx  Uidyi?  Undahl 


*  Equus  complicatus  Leidy 
^      "     lattrentius  Hay 
^      '*     niobrarensU  Hay 


^  Myhhyus?  temerarius  Hay 

^  Camdops  kansanus  Leidy? 

*  illces  shimeki  Hay 

*  Aftanius  calvini  Hay 

*  J/affifiifit  americanum  (Kerr) 

*  "       progetUum  Hay 

*  Rkabdobumis  mirificus  (Leidy) 

Castor  canadensis 

*  Castoroid€s  ohioensis  Foster 
^  "         kansensis  Martin 

Ursus  americanus  Pallas 


INSECTA 
COLEOPTERA 

VERTEBRATA 
REPTILIA 

MAMMALIA** 

Megathekiidae 

*  Mylodon  karlani?  Owen 

Equidae 

*  Equus  excdsus  Leidy 

*  Neokipparion  graUim  (Leidy) 

Tayassuidae 

*  Platygonus  comprtssus  Le  Conte 

Camelidae 

*  Camdus  species 

Cekvidae 

Bovidae 

*  Bison,  cf .  aUeni  Marsh 

Elefhantidae 

*  Elephas  primgenius  Blum. 

*  "      coUnM  Falconer 

*  "      imperator  Leidy 

Castosidae 
Castoroididae 

Uesidae 


IV.  Summary 

The  Aftonian  Intergladal  Stage  is  known  to  have  extended  from  south 
central  Minnesota,  south  to  northern  Missouri,  and  from  eastern  Nebraska 
and  South  Dakota  eastward  to  western  Illinois  and  Wisconsin.  It  has  been 
definitely  recorded  from  almost  every  part  of  Iowa;  its  wide  distribution  it 
shown  by  the  list  of  counties  (39)  indicated  below. 


Buchanan 
Benton 


Fayette 
Fremont 


Lyon 
Linn 


Pottawattamie 
Sioux 


**  An  *  indicates  that  the  animal  is  extinct. 
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Buena  Vista 

Guthrie 

Monona 

Union 

Chkkaaaw 

Harrison 

MitcheU 

Washington 

Oierokee 

Hancock 

Mills 

Wayne 

Clay 

Henry 

Marshall 

Woodbury 

CeAar 

Howard 

Normal 

Winnebago 

Decatur 

Iowa 

Obrien 

Worth 

Dubuque 

Johnson 

Plymouth 

WapeUo 

Delaware 

Kossuth 

Powershiek 

In  the  adjoining  states  it  is 

known  from  the  following  counties: 

Nebraska 

Cedar 

Knox 
Linn 

South  Dakota 

Douglas 

Union 

Minnehaha 
Minnesota 

Lincoln 

Cottonwood 

McLeod 

Rock 

Jackson 

Murray 
Nobles 

Missouri 

Wilkin 

Atchison 

Cass 

Harrison 

Bates 

Daviess 

Macon 

Benton 

Kansas 

Vernon 

Leavenworth                          Douglas 

Illinois 

McLean 

Rock  Island 

Wisconsin 

St.  Croix 

The  Aftonian  was  a  time  of  luxuriant  forests,  the  climate  was  moist,  and 
the  winters  were  not  too  severe  for  such  animals  as  the  elephant,  horse,  and 
peccary.  The  types  of  mollusks  indicate  a  climate  not  essentially  difiFerent 
from  that  of  today.  The  fresh  water  moUusks  also  indicate  the  presence  of 
large  streams,  while  the  land  snails  attest  the  presence  of  a  rich  flora.  A  study 
of  the  entire  biota  reveals  two  t3^s  of  life:  (1)  a  warm  temperate,  in  which  the 
naiads  and  other  mollusks  and  the  larger  part  of  the  mammals  lived,  and  (2) 
a  cold  temperate  climate  in  which  a  boreal  flora  flourished.  Shimek  remarks 
that  the  moUuscan  fauna  of  the  Aftonian  suggests  aquatic  and  low  ground 
conditions,  but  the  mammal  fauna  suggests  also  upland  or  prairie  conditions. 
It  is  probable  that  both  types  of  topography  prevailed. 
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Reviewing  the  biota,  it  is  observed  that  14  species  of  plants  are  represented 
and  75  species  of  animals,  distributed  as  follows: 

MoUusks 50  species 

Insects  (wings) x      " 

Vertebrates 25      " 

Of  these  all  are  now  living  with  the  exception  of  a  large  part  of  the  mammals 
of  which  23  or  92  percent" are  extinct.  The  mammalian  famia  resembles  most 
closely  the  fauna  of  the  Equus  zone  or  Sheridan  formation  described  by  Osbom. 
It  likewise  resembles  the  fauna  of  the  bone  caves  of  Pennsylvania  as  well  as 
the  Hay  Springs  fauna  of  Nebraska  and  Hay  has  stated  his  belief  that  all  of 
these  deposits  should  be  referred  to  the  Aftonian.*^  There  is  clearly  a  very 
dose  resemblance  between  the  species  represented,  and  particularly  between 
the  extinct  species,  but  this  would  most  likely  be  the  case  in  the  first  inter- 
glacial  interval,  not  only  for  the  reason  that  the  large  mammals  could  find 
refuge  south  of  the  ice  sheet,  but  also  because  all  of  the  species  imdoubtedly 
lived  in  abundance  in  the  region  south  of  the  affected  territory,  where  the  en- 
vironment was  possibly  but  Uttle  changed,  and  formed  a  reserve  faima  which 
migrated  northward  as  soon  as  the  Aftonian  climate  became  favorable. 

•»  Smith.  Mis.  ColL,  LEX,  p.  15. 


CHAPTER  VIII 

THE  KANSAN  ICE  INVASION  AND  THE  YARMOUTH  INTERGLA- 

CIAL  INTERVAL 

I.  The  Kansan  Ice  Invasion 

Following  the  Aftonian  Interglacial  interval,  climatic  conditions  again 
became  severe  and  a  second  ice  sheet,  the  Kansan,  advanced  and  covered  a 
large  portion  of  the  United  State « (Plate  XLVI).  East  of  the  110th  meridian 
the  ice  sheet  extended  a  short  distance  south  and  west  of  the  Missouri  River  in 
Montana,  the  Dakotas,  Nebraska,  Kansas  and  Missouri.  The  laigest  known 
lobe  extended  southward  west  of  the  Mississippi  River  and  the  drif tless  area, 
spreading  entirely  over  Iowa  and  entering  Nebraska,  Kansas,  and  Missouri, 
as  well  as  a  narrow  strip  in  western  Illinois. 

Another  lobe  entered  Illinois  but  its  extent  is  not  known  as  it  is  completely 
covered  by  the  later  lUinoian  ice  sheet.  The  Kansan  has  been  definitely 
located  beneath  the  Illinoian  till,  however,  and  its  presence  is  beyond  question. 
The  extent  of  this  till  beneath  later  glacial  deposits  is  not  known.  An  old 
till  sheet  is  known  in  northern  Pennsylvania,  but  whether  it  is  Kansan  or 
Nebraskan  has  not  been  definitely  determined.^ 

The  Kansan  ice  picked  up  pieces  of  wood,  tree  trunks  and  branches  and 
other  material  on  the  surface  of  the  Aftonian  soil.  In  some  places,  as  in 
Monona  and  Harrison  counties,  Iowa,  the  Kansan  ice  ploughed  up  the  Aftonian 
and  Nebraskan  deposits,  either  incorporating  the  frozen  gravel  and  sand  in  the 
base  of  itself,  or  pushing  these  deposits  until  they  were  either  vertical  or 
actually  lay  over  the  Kansan  deposits.* 

II.  The  Yarmouth  Interglacial  Interval 

This  interglacial  interval  is  better  developed  and  has  been  more  fully 
studied  in  the  states  of  Iowa  and  Illinois.  The  sands,  gravels,  silts,  and 
mucks  have  preserved  a  well  marked  fauna  of  which  the  largest  munber  of 

'  Consult  the  following  references  for  information  on  this  point: 
Butts,  Warren  Folio,  U.  S.  GeoL  Surv.,  No.  172,  pp.  6-7. 
Levcrett,  Mon.  U.S.  Geol.  Surv.,  XLI,  pp.  253-254. 
Munn,  Sewiddey  Folio,  U.  S.  Geol.  Surv.,  No.  176,  p.  6. 
Willard,  Tower  Folio,  U.  S.  GeoL  Surv.,  No.  168,  p.  2. 
Williams,  Proc.  Amer.  Phil.  Soc.,  XXXVII,  pp.  84-87. 
'  Shimek,  Iowa  Geol.  Surv.,  XX,  p.  351. 
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species,  however,  are  terrestrial.  The  deposits  are  of  three  kinds:  (1)  sands 
and  gravels,  (2)  muck  and  old  soils,  and  (3)  loess  or  aeolian  sands.  The  latter 
is  widespread  over  Iowa  and  portions  of  the  adjoining  states  and  contains  an 
abundant  and  varied  fauna.  To  the  above  may  be  added  the  'Gumbo'  or 
Loveland  formation,  which,  however,  is  never  fossiliferous  in  the  typical 
deposit.  This  is  a  heavy  clay  and  is  believed  to  have  ''been  formed  during 
the  melting  of  the  Kansan  ice  when  silt  was  carried  into  ice-bound  basins,  these 
being  located  at  first  on  the  higher  ridges  where  the  thinner  ice  was  the  first 
to  melt,  and  when  the  ice  finally  disappeared  these  masses  of  silt,  often  lens- 
shaped,  were  spread  upon  the  underlying  Kansan  drift. ''' 

The  Loveland  has  been  called  loess  by  many  geologists,  and  its  silty  charac- 
ter has  been  the  cause  of  much  of  the  controversy  as  to  whether  the  loess  was 
water  laid  or  wind  laid.  Another  deposit  formed  at  a  little  later  stage  is  the 
Buchanan  gravels,  which  are  widespread  in  Iowa  and  other  states.  Chrono- 
logically the  post-Kansan  deposits  stand  as  follows,  reading  from  the  lower 
stratum  upward: 

V.  Post-Kansan  loess 
IV.  Yarmouth  soil  hoiixon 
III.  Buchanan  gravels 

II.  Loveland  silt 
I.  Kansan  drift 

I.  THE  YARMOUTH  SOIL  AND  WEATHERED  ZONE 

The  name  Yarmouth  was  given  by  Leverett^  to  a  soil  and  weathered  zone 
which  lies  between  the  overlapping  portions  of  the  Kansan  and  Illinoian  drift 
sheets  in  eastern  Iowa.  Old  soils  and  weathered  zones  occur  in  parts  of  Iowa, 
Illinois,  and  other  states  which  are  believed  to  be  referable  to  this  stage.  A 
typical  section,  from  a  well  near  Yarmouth,  Des  Moines  County,  Iowa,  show- 
ing the  position  of  the  interglacial  deposits,  is  given  below.* 

7.  Soil  and  loam  (lowan  loess) 4  feet 

6.  Brownish  ycBow  till  (Illinoian) r.  20  " 

5.  Gray  till  (Illinoian) 10  " 

4.  Peat  bed  with  twigs  and  bones  (Yannouth) 15  " 

3.  Gray  or  ashy  sandy  day,  containing  wood  (Yarmouth) 12 

2.  Fine  sand  (Yannouth) 16  " 

1.  Yellow  sandy  till  with  few  pebbles  (Kansan) 33  " 

Height  of  Section 110    " 

» Shimek,  Geol.  Iowa,  XX,  p.  373.    See  also  Kay,  Science,  N.S.,  XLIV,  p.  637, 1916,  for 
the  term  "Gumbotill." 

*  Illinois  Glacial  Lobe,  p.  119;  Proc.  Iowa  Acad.  Sci.,  V,  pp.  81-^6. 
» Leverctt,  Proc.  Iowa  Acad.  Sci.,  V,  p.  82;  111.  Glacial  Lobe,  p.  42. 
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The  Yarmouth  stratum  No.  4  contained  the  bones  of  the  following  mammals: 

Lepus  sylvaticus  Mephitis  mepfutica 

Deposits  of  Yarmouth  age  have  been  observed  near  West  Point  and  Den- 
mark, Lee  County,  Davenport,  Iowa,  and  near  Woodville,  Payson,  and  Quincy, 
Adams  County,  Illinois. 

n.   DISTRIBUTION  OF  THE  YARMOUTH  BIOTA 

1.  IOWA 

The  Yarmouth  is  represented  near  Davenport,  Scott  Coimty,  from  which 
place  several  good  sections  have  been  recorded.  Pratt*  recognized  this  old  soil 
horizon  many  years  ago  and  published  an  excellent  section,  which  is  copied 
below.  The  interpretations  are  the  writer's,  based  on  the  works  of  Leverett 
and  other  geologists. 

1.  Recent  soil 1  foot 

2.  Yellow  day  (loess)  with  Succinea  oUiqua,  S.  avara^  Helicina  occulta.   Pupa  fal- 

lax,  H,  striatella^  (Illinoian  loess)  about 20  feet 

3.  Bluish-gray  day,  with  shdls  of  above,  mammoth  remains  at  junction  of  (2)  and 

(3).    (Kansan  loess) 3-5    " 

4.  Brown  peat  with  Hypnum  aduncum  and  pieces  of  coniferous  wood  (Yaimouth)  1  foot 

5.  Andent  soil,  dark  brown  color  (Yarmouth  soil) 2  feet 

6.  Boulderday  (blue day)  Kansan  till : 18    " 

The  section  was  in  a  cut  made  by  the  C.  R.  I.  &  P.  R,  R.  west  of  Davenport, 
and  is  interesting  as  showing  evidence  of  erosion  between  3  and  4,  evidently 
accomplished  previous  to  the  deposition  of  the  loess  stratum  number  3.  Web- 
ster^ later  uses  the  same  section,  adding  the  remains  of  Cdeoptera  from  the 
ancient  soil  number  5.  Shimek*  refers  the  old  soil  and  peat  horizons  to  the 
Aftonian  and  the  blue  clay  to  the  Nebraskan  till,  but  this  disposition  cannot 
be  correct,  the  imderlying  till  sheet  being  clearly  Kansan. 

Leverett^  has  published  several  sections  from  Davenport,  one  of  which, 
along  Eighth  Street  between  Myrtle  and  Vine  streets,  is  shown  below. 

lowan  loess 30      feet 

Reddish-brown  surface  of  Illinoian  till  sheet,  leached  and  stained  during  Sanga- 
mon Intergladal  Stage 2J^3  feet 

Brown  calcareous  till,  crumbling  readily;  a  characteristic  Illinoian  till 15      feet 

Ash-colored  gummy  clay  with  black  streaks,  apparently  of  humus,  representing 

the  Yarmouth  Intergladal  Stage 2-3      feet 

•  Proc.  Daven.  Acad.  ScL,  I,  p.  97,  1876. 
»  Amer.  Nat.,  XXII,  pp.  415-416, 1888. 

■  Geol.  Iowa,  XX,  p.  376. 

*  Illinois  Glacial  Lobe,  p.  45;  the  lowan  loess  also  includes  the  Illinoian  loess  in  its  lower 
part. 
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Brown  till,  calcareous,  fracturing  in  cubic  blocks,  color  changing  to  grayish  blue 

at  12-15  feet;  a  characteristic  Kansan  till 25      feet 


Height  of  section  about..      75    tfeet 

In  Lee  County,  in  the  bluffs  near  Fort  Madison,  the  Kansan  till  contains 
vegetation  among  which  Penhallow  identified  :^^ 

Larix  omericana? 
Taxus  canadensis? 
ToxMS  species 

The  vegetation  is  said  by  Reyes  to  be  embeded  in  the  blue  till,  but  no  depth 
is  stated.  As  the  Kansan  is  here  60  feet  in  thickness,  and  is  overlaid  by  yellow- 
ish Illinoian  drift,  it  is  assumed  that  the  organic  remains  were  in  the  upper  part 
of  the  Kansan  drift,  and  hence  of  Yarmouth  age.  In  the  same  county,*^ 
"between  Fort  Madison  and  Montrose  there  are  high  bottoms,  consisting  of 
beds  of  sand  and  gravel,  the  surface  of  which  is  from  20  to  30  feet  above  the 
present  high  water  mark.  Along  the  rapids  there  is  a  bed  of  Unios  in  band-like 
form,  extending  on  both  sides  of  the  river  at  an  elevation  from  15  to  20  feet 
above  present  high  water  mark,  nearly  the  whole  distance  from  Nauvoo  to 
Keokuk.  Just  below  Mansion  House  at  Nauvoo,  the  mussel  bed  is  25  feet 
above  ordinary  level  of  the  river.  The  shells  are  white  and  waterworn,  the 
deposit  12  to  18  inches  thick. "  The  Unios  mentioned  have  not  been  identified. 
Like  the  benches  along  the  Missouri  River,  these  high  bottoms  are  probably 
remnants  of  the  old  Kansan  drift  plain  and  hence  the  Unios  may  be  referred  to 
the  Yarmouth  Interglacial  interval. 

Along  the  rivers  in  Pl3anouth,  Harrison,  and  Monona  counties,  extensive 
benches  occur  which  have  been  mistaken  for  river  terraces.  These  are  said  by 
ShimdL^^  to  be  remnants  of  the  old  drift  plain  showing  the  same  structure  as 
the  Kansan  drift.  "Near  the  mouth  of  Broken  Kettle  Creek,  Plymouth 
County,  there  is  a  higher  terrace  very  faintly  cut  in  the  loess.  Its  upper  sur- 
face is  marked  by  the  presence  of  Unios  45  feet  above  low  water  in  the  Sioux. 
This  level  corresponds  to  the  flat  and  well-marked  bottom  land  found  in  the 
upper  portion  of  Broken  Kettle  Creek.  The  Unios  occur  in  little  groups  or 
colonies,  nested  together  along  this  horizon,  and  at  the  same  horizon  ordinary 
loess  fossils  occur.  The  same  phenomena  are  found  in  Woodbury  County,  at 
North  Riverside,  though  at  a  lower  horizon  relative  to  the  present  water  level. 
In  Monona  County,  near  Castana  and  Turin,  there  is  a  very  well  marked  loess 

*•  Keyes,  Geol.  Surv.  Iowa,  III,  pp.  357-358. 
"  Worthcn,  Gcol.  Surv.  Iowa,  I,  p.  186, 1858. 
"  Geol.  Iowa,  XX,  p.  291. 
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terrace  about  70  feet  above  the  river  and  similar  terraces  are  common  in  the 
region.  "^'    Shimek^^  lists  the  species  found  at  the  above  locality,  as  follows: 


99 


»       Unio  anodontaides  Unto  rubiginosus 
donadfarmis  "  ut$dulatus 

eUgans  Succinea  linMta 

"  puskslosus  Hdicodiscus  lineatus 

Yarmouth  soil,  12-18  inches  thick,  has  been  observed,  between  Elansan  drift 
and  loess,  in  Washington  and  Hancock  townships,  near  Dalton.^* 

At  Sioux  City^  three  species  of  naiads  have  been  obtained  from  loess-like 
silt. 

Unio  undidatus  ' 

"  rubiginasus 
*'  fu$UUasu$ 

The  mammoth,  Ekphas  species,  has  been  reported  from  both  Cedar  and 
Washington  counties.  In  the  former  county,^*  from  a  creek  in  Springfield 
Township,  (five  miles  southeast  of  Clarence)  flowing  thru  lowan  drift  underlaid 
by  Kansan  loess  and  till.'^  Here  a  bed  of  white  alluvial  clay  is  overlaid  by 
gravel,  but  it  is  not  known  from  which  deposit  the  mammoth  teeth  came. 
In  sect  14,  T.  74  N,  R.  8  W,  Washington  County,"  the  bones  of  this  animal 
were  found  in  an  area  fifteen  feet  square  in  a  deposit  of  black  mud  and  vegetable 
mold  with  some  clay,  six  feet  below  the  surface  of  the  ground. 

In  Linn  County,  the  following  deposits  are  shown  in  a  section  at  Bertram, 
near  the  mouth  of  Big  Creek:" 

5.  Loess-like  loam 3  feet 

4.  Sand  interstratified  with  sandy  day 4    " 

3.  Sand,  finely  and  horizontally  stratified,  fine  above,  growing  coarser  below  (lowan)  30    " 

2.  Sand  and  gravel,  with  cobble  stones 3    " 

1.  Slope  of  fine  whitish  day  to  water  in  creek 6 


tt 


Height  of  section 46 


tt 


In  a  gravel  pit  belonging  to  the  C.  &:  N.  W.  R.  R.,  across  the  creek  from  the 
above  section,  coniferous  wood  was  found  between  numbers  2  and  3.  Bones 
of  mastodon,  mammoth,  and  buffalo  are  reported  to  be  frequently  found  in 

"»  Bain,  Geol.  Surv.  Iowa,  VIII,  pp.  340;  336;  348. 

M  Proc.  Iowa  Acad.  Sci.,  V,  pp.  37, 44;  Hay  (Iowa  Geol.  Surv.,  XXIII,  p.  70)  lUtes  that 
Shim^  refers  the  majority  of  these  shells  to  the  work  of  the  aboriginal  inhabitants,  and  they 
are  therefore  not  listed  with  the  Yarmouth  fauna. 

"» Shimek,  op.  cU.,  pp.  37, 44. 

*•  Norton,  Geol.  Iowa,  XI,  p.  377. 

"  Gass  and  Pratt,  Proc.  Daven.  Acad-  Sci.,  Ill,  pp.  177-178. 

'*  Anderson,  Augustana  Lib.  Pub.,  No.  5,  p.  26. 

"  Norton,  Geol.  Iowa,  IV,  p.  173. 
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these  deposits.  Similar  deposits,  referable  to  the  Yarmouth  interval,  are 
reported  from  Jones,^  Allamakee,^  and  Howard**  counties. 

McGee  in  his  classic  work"  on  the  Pleistocene  of  northeastern  Iowa,  records 
the  remains  of  a  once  luxuriant  flora,  some  of  which  may  be  of  Yarmouth  age. 
Much  of  the  material,  however,  is  probably  of  Peorian  age.  Logs,  sticks, 
branches,  twigs,  cones,  leaves,  stems  and  roots  of  grasses,  and  other  plant 
remains  are  foimd  in  peaty  soils,  usually  at  the  junction  of  two  drift  sheets. 
From  this  chaotic  material  have  been  identified:  Junip&us  virginiana,  ehn, 
ash,  pine,  sumach,  hickory,  oak,  walnut,  tamarack,  and  willow. 

From  Emmet  County,  at  Wallingford,  fossil  wood  thot  to  be  Picea  alba 
( = canadensis)  is  reported  by  Thomas^  from  glacial  drift  at  a  depth  of  80  feet. 
This  depth  would  penetrate  the  Wisconsin  drift  and  reach  the  Kansan  which 
apparently  underlies  the  Wisconsin  ill  this  part  of  Iowa.  It  may,  therefore, 
be  referred  to  the  Yarmouth  interval,  tho  it  might  be  of  later  date. 

The  horse,  Equ9is  complicakis^  is  reported  from  near  Sandspring,  Delaware 
Coimty;  it  was  lying  on  a  knoll  of  Niagara  limestone.  Hay**  infers  that  this 
may  be  referable  to  the  Yarmouth  stage. 

a.  Post-Kansan  Loess 

The  Kansan  drift  in  Iowa  is  covered  pretty  generally  (tho  not  uniformly) 
with  a  fine,  bluish  or  whitish  loess  which  is  highly  fossiliferous.  This  loess 
extends  beneath  the  lUinoian  drift  sheet  to  the  east  and  beneath  the  lowan 
and  Wisconsin  drift  sheets  in  the  northern  part  of  Iowa.  Just  how  far  the 
deposit  may  extend  thruout  the  adjoining  states  is  not  at  present  known,  but 
it  is  believed  to  be  of  wide  distribution. 

In  a  recent  paper,  Alden  and  Leighton'*''  question  the  distinction  between 
the  gray  and  yellow  loess,  the  two  being  thot  to  be  the  result  of  loess  deposition 
during  but  one  interval,  the  post-Iowan  or  Peorian,  the  yellow  color  being  due 
to  leaching.  Considerable  data  are  given  by  these  authors  which  seem  to 
support  such  a  conclusion.  If  this  condition  should  prove  true  of  all  of  the 
loess  deposits  beyond  the  Wisconsin  area,  many  of  the  records  of  fossils  herein 
referred  to  Yarmouth  and  Sangamon  time  would  have  to  be  transferred  to 
Peorian  time.  This  conclusion  would  lead  to  the  recognition  of  a  distinct  period 
during  which  the  loess  was  deposited,  as  contended  by  many  early  geologists. 

••  Calvin,  Geol,  Iowa,  V,  pp.  65-66. 
«  Orr,  Proc.  Iowa  Acad.  ScL,  XIV,  p.  232. 
"  Calvin,  Geol.  Iowa,  XII,  p.  63. 
«  An.  Rep.  U.  S.  Geol.  Surv.,  XI,  pp.  487,  489. 
«•  Proc.  Iowa  Acad.  Sci.,  XXIV,  pp.  454455. 
»•  Science,  N.  S.,  XXX,  p.  491. 

^  Iowa  Geol.  Surv.,  26  Ann.  Rcpt.,  pp.  49-212,  1917;  Lcighton,  Proc.  Iowa  Acad.  Sd., 
pp.  87-92,  1917. 
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However,  it  has  not  been  thot  necessary  to  change  any  of  the  statements  or  lists 
of  loess  fossils  appearing  under  the  Yarmouth  or  Sangamon  Interglacial  inter- 
vals in  this  work.  The  transfer  of  some  of  these  records  to  the  Peorian  interval 
would  not  materially  afifect  the  general  discussion  of  the  life  of  the  Pleistocene 
Period. 

At  Iowa  City,  Johnson  County,  a  Kansan  loess  occurs  beneath  an  lowan 
loess;  a  section  given  by  Webster^  is  reproduced  below: 

1.  Vciy  fine  brownish  "loamy"  soil 3  inches 

2.  Veiy  fine  and  homogeneous  yellowish-dayey  earth  (lowan  loess) 15  feet 

3.  Veiy  fine  and  hcHnogeneous  bluish-gray  clayey  earth,  with  fossils  (Kansan  loess)      5  feet. 

The  following  fossils  have  been  identified  from  the  Kansan  loess:* 

(Md  name  Modem  name 

Zonites  tiridtdus  Vitrea  kammonis 


"    Itmaiidus  Pyramidida  skinukU 

fuhms  Eucpmtlus  fuhus 


>f 


Pakda  slrigosa  Oreohdix  imvensis 

**    striaMa  Pyramidtda  crankkiUi  anikonyi 

Fenusada  subcylindrica  CocUicopa  Ivbrica 

Pupa  muscamm  PupiUa  muscorum 

"     lUandi  "    hUmdi 

Vertigo  simplex  Sphyradium  edaUulum  aUicola 

Mesadon  muUUineaia  Polygyra  muUUineata 

VaUonia  pukkella    .  VaUonia  gracUicosia 

Succinea  avara  Succinea  avara 

"       var.  vermeUt  "       grosvaufii 

"       obliqua  "       obliqua 

Hdicina  occulta  Helicina  occulta 

Limnaea  desidiosa  Galha  ohrussa 

Pkysa  spedes  Pkysa  gyrina 

Pisidium  spedes  Pisidium  vpeaes 

Egg  shell  of  small  helix 

Shimek*'  has  published  several  lists  of  the  moUusks  of  the  loess  of  Iowa 

City.    These  lists  do  not  separate  the  faunas  of  the  post-Kansan  and  post- 

lowan  loeses;  the  statement  is  made  however,  that  they  both  contain  practically 

the  same  species.    The  species  not  listed  by  Webster  are  tabulated  below: 

Bifidaria  ofnUfera  Pyramidula  perspecHtfa 

"     petUadon  "       aiiemaia 

Vertigo  ovala  Heiicodiscus  paraUelus 

Viirea  indetUata  Succinea  sptdes 

ZonUoides  minuscuia  Galba  caperata 

"  Amer.  Nat,  XXII,  pp.  417-419. 

»Op.cU,,p,  119. 

"  Amer.  GcoL,  I,  pp.  149-152;  XXVUI,  p.  345. 
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Polygyro  profunda  Galba  hunUlis  moiiceUa 

"      muUUineata  (small  fonn) 

A  fossiliferous  Kansan  loess  occurs  in  the  bluff  above  Hershey  Avenue, 
Muscatine^  which  contains  a  varied  moUuscan  fauna.  Leverett^  quotes  the 
subjoined  list,  after  Udden. 

Hdicina  occulta  CocMicopa  lubrica 

Polygyra  muUUineaia  (young,  probably  Pyramidula  aUemata 

this  spedes)  "         perspecUva 

"     monodon  "         cronkkUei  atUkonyi 

StfobUops  virgo  Succinea  avara 
Bifidaria  pentodon  **     dtliqua 

PupiUa  Handi  (listed  as  musccrum^)  Galba  caperala 

"   muscorum  (vide  Shimek**)  Valvaia  sincera 

The  Valvata  evidently  belongs  to  an  earlier  period  than  the  loess,  when 
fluviatile  conditions  prevailed  in  the  Yarmouth  stage.  It  may  also  have  been 
artifically  introduced  at  a  later  stage.  The  species  is  questionable,  the  name 
sincera  formerly  embracing  several  species,  as  lewisii,  hicarinata  perdepressa^ 
etc. 

McGee*^  has  published  a  list  of  loess  fossils  from  Muscatine,  furnished  by 
Prof.  Witter,  which  contains  several  species  not  included  in  the  Udden  and 
Leverett  lists.    These  are: 


Hdixfulva  ('^Eucanulusfulvus) 

"  pulckdla  (^VaUonia  gracilicosta?) 
Pupa  quarUcaria  ("Bifidaria  corticaria) 

simplex  (^Spkyradium  edeukdum  aUicola) 


yy 


It  is  not  known  from  just  what  horizon  Witter's  shells  were  secured  and 
the  list  is  therefore  not  available  for  use  in  the  present  connection.  The  five 
naiades  listed  (which  are  referred  to  later)  belong  to  a  later  period. 

At  Davenport,  two  loesses  occur  above  the  Yarmouth  deposits,  one,  the 
lower,  post-Kansan  (bluish-gray)  and  the  other,  the  higher  (yellowish  in  color) 
post-Illinoian,  the  interval  between  marking  the  presence  of  the  lUinoian  ice 
sheet.    The  post-Kansan  loess  contains  the  following  species:*^ 

Suuinea  obliqua  Leucockila  fallax 

"      avara  Pyramidula  cronkkUei  antkonyi 

Hdicina  occulta 

r 

The  tusk  and  molars  of  a  mammoth  were  found  in  the  upper  part  of  the 
loess,  at  its  junction  with  the  post-IUinoian  loess.    It  may  possibly  belong  to 

<*  Illinois  Glacial  Lobe,  p.  174.    Modem  names  are  here  used. 
»  Shimek,  Amer.  GeoL,  XXVni,  p.  346. 
»•  11th  An.  Rep.  U.  S.  Gcol.  Surv.,  p.  471. 
•*  Pratt,  Proc.  Daven.  Acad.  Sci.,  I,  p.  97. 
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the  Sangamon  or  post-Illinoian  interval.  Shimek  (BulL  Geol.  Soc  Amer., 
XXI,  page  139)  states  that  Witter's  specimen  was  a  fragment  of  a  molar  of 
Eltphas  primigenius  from  a  layer  of  Aftonian  gravel  one  foot  thick. 

At  Des  Moines,  a  loess  occurs  between  the  Kansan  and  Wisconsin  drifts, 
which  contains  a  large  and  varied  molluscan  fauna  Ail  are  apparently  refer- 
able to  the  post-Kansan  interval.^    (Modem  names  used.) 

GaUba  kwmlis  modicdla  Sirobihps  lahyrimthica  (pciluipsfnrfo) 

"    thrussa  {^desidiosa)  Euconulus  fultus 

Caryckium  exiguum  {exile,  vide  Shimdc)  Hdicodiscus  paraUdui{^lineaku), 

Succinea  Miqua  VaUania  puUkella 

"     awara  (graciUc4ttta,  vide  Shimek) 

Polygyra  dausa  ZomiUrides  ofbere^ 
"      muUUineala  "        mittusaOa 

"      tkyroidesf  Bifidaria  pentodon 
momodmi  armifeta 

Pyramidula  altemaia  cerHcari^ 

"      siripfsa  (^Oreokeiix  iawenns)PupiUa  muscontm 

'*       strialdla  Vertigo  avata 

(  ■>  cnmkhiUi  anikonyi)  Hdicma  ocadta 

Bain*  lists  the  fauna  of  Des  Moines,  indicating  that  the  loess  underlies 
Wisconsin  drift,  and  adds  five  species. 

Zomtoides  skimeki  (» Pyramidula  sktmeki) 

Pupa  Uandi  (»PupiUa  blamdi) 

Vertigo  simplex  {^Spkyradium  edeiUulum  aUicola) 

Cocklicopa  lubrica 

Ummaea  caperata  (^Galba  caperata) 

Pyramidula  strigosa  iawensis  ("Oreokelix  iawensis) 


A  post-Kansan  loess  underlies  the  Wisconsin  drift  in  Storey  County  A 
good  exposure  has  been  observed,  in  Washington  Township,  along  Clear  and 
Walnut  creeks,  the  latter  showing  the  following  section:*^ 

Drift,  yellowish  above,  bluish  bebw  (Wisconsin) 20  feet 

Loess,  sandy  below  (post-Kansan) 20    " 

Clay,  blue  with  much  ooafse  gravel  (Kansan) exposed. 

The  upper  four  feet  of  the  k>ess  is  stained  yellow-brown  along  joint  planes, 
and  grades  downward  into  massive,  structureless,  i>ale  blue  clayey  silt  con- 
taining, in  places,  an  abundance  of  root  casts,  wood  fragments  and  black 
carbonaceous  spots,  and  emits  a  distinct  swamp-like  odor.    The  entire  deposit 

»McGee  and  Call,  Amer.  Joum.  Sci.,  (iii),  XXIV,  pp.  202-223  (list  p.  216). 

»Geol.  Iowa,VII,  p.  344. 

•*  Beyer,  Proc.  Iowa  Acad.  ScL,  VI,  p.  118. 
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is  highly  calcareous  and  carries  a  rich  gastropod  fauna.'^     The  species 
enumerated  by  Beyer  are  noted  below: 


Pyramidula  skimekH 
Spkyradium  edmltdum  aUicda 
PupUla  musccmm 
Bifidofia  fetUodan 
Vertigo  evata 
Euconulus  fidius 
Polygyra  muUUineaia 


PyrafiHdula  crankkitei  arUhonyi 
VaUonia  gracUicosta  (^costala) 
Hdicodiscus  paraUdus  (^Hneatus) 
Sticcinea  lineata 
"       avara 
Galba  kumilis  modicella 
Planorbis  antrosi*s  (^bicarinalus) 


The  Galba  and  Planorbis  evidently  represent  the  period  when  swamps  pre- 
vailed, with  streams  penetrating  these  areas.  Such  moUusks  as  Spkyradium 
and  Pyramidula  shimeki  represent-  a  later  time  when  the  region  was  dry  and 
had  becopxe  loess  covered. 

In  Louisa  County,  about  a  mile  north  of  Columbus  Junction,  a  fossiliferous 
loess  overUes  the  Kansan  drift.  In  the  lower  part  of  the  loess,  which  is  here 
twelve  feet  thick,  the  moUusks  indicated  below  occur:'* 


ir 


» 


Pyramidula  strigosa  icwensis 

( ^Oreohelix  iowensis) 
perspeUita  * 

croukhilei  anthonyi 
Polygyra  muUUineaia 
Zoniioides  arh&rea 

"        skimeki  (^PyramidtUa  skimeki) 
Eucontdus  fulius 
VaUonia  gracilicosta 


Spkyradium  edetUtdum  aUicola 
Bifidaria  pentodon 
Helicina  occulta 
Succinea  atara 

"       obliqua 

'        gfonenori 
Galba  humUis  modicella 


The  post-Kansan  loess  of  Mills  and  Fremont  Counties  contains  a  rich  fauna. 
Good  exposures  have  been  studied  at  Hamburg,  in  Fremont  County,  and  at 
Kelly  Creek  and  Oak  Township,  Mills  County.  Udden'^  lists  the  following 
species: 


HeHcina  occulta 
Loucockila  fallax 
Bifidaria  armijora 
"       pentodon 
Zomtoides  arborea 
Pyramidula  aliemala 

"         cronkhitei  anthonyi 

"         sfnmekii 
Helicodiscus  paralldus 
Vertigo  boVesiana 
Succinea  atara 


Succinea  obliqua 

'        grosvenori 

"       reiusa 
VaUonia  gracUicosla 
Cochlicopa  lubrica 
Polygyra  leai 

muUUineata 
hirsuta 
VUrea  hammonis 
Spkyradium  edenttdum  aUicola 
Pyramidula  cronkkitei  antkonyi  (eggs) 


tt 


»> 


*  Op.  cU.y  p.  118.    Modem  names  are  used  in  this  list. 

*  Udden,  GeoL  Iowa,  XI,  p.  113. 
"  Geol.  Iowa,  XII,  pp.  167-175. 
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Hie  post-Kansan  loess  is  widely  dbtiibuted  in  Harrisoii  and  Menona  ooim- 
tiesy  and  is  hi^y  fossiliferous  in  places.  Shunek,  who  has  studied  this  teiii- 
tozy  exhaustively,  lists  the  following  spedes:^ 


Pigtf  witf  grMcQicoaia 
armifen 


» 


Vertigo  modaiB  (^cuiia) 

"      iridenMa 
Spkyradium  edenkdum  aUicda 
VHna  kammoms 
EncomUus  fidmts 
Zomioides  orborea 
Eggs  of  small  snails 


PyratMtda  tUerngt^ 

cm$kkUei  tttttMonyi 

Hdiccdiscus  pmaBdus 
Sitccinea  auoTM^ 
oiaUs 
ccadta 
Calh€  eaferaia 
cbrussa 
kumifis  modicdla 


y» 


n 


n 


hk  Pottawattamie  County,  Kansan  drift  occurs  overlaid  by  loess,  the  lower 
portion  of  which  is  referable  to  the  post-Kansan  interval.  At  Council  Bluffs 
the  following  species  occur.*** 


Bdicina  ouuUa 
VaH&nia  iracUicosta 

"       Pamda 
PUytyra  frojuinda 

"  fffn/tftfftffl/tf 

"       WrsMto 
"       Uai 
SUrebQops  lirgo 
Bijidttfia  ammfera 
koUmgeri 
contracta 
"       cunidens 
**       peittadm 

PupiUa  Uandi 


ff 


tf 


Vertigo  bottesuma 
CocUicopa  lubrica 

"     inimtata 
Emomdm  fidtus 
Zomtoidts  artforea 

*'        Mintusctdd 
Pyramidfda  altemata 

cronkkitei  a$UkoHyi 
perspedtoa 
skimekii 
BdicodiscMS  paralldus 
StKciitea  ebitqua 

ffcsvenori 
aoara 
Eggs  of  land  snail 


»» 


n 


n 


» 


n 


Both  post-Kansan  and  post-Iowan  losses  occur  in  Warren,  Madison,  and 
Page  counties  (vide  Shimek). 

McGee^  has  rqx>rted  Ovibos  catdfrons  from  the  Council  Bluffs  loess,  12 
feet  below  the  surface,  associated  with  mastodon  and  elephant  remains,  the 
bones  of  a  small  rodent,  and  several  pulmoniferous  moUusks. 

Udden^  lists  the  fauna  of  numerous  loess  deposits  in  Pottawattamie  County, 
the  majority  of  the  species  being  from  the  lower  (post-Kansan)  loess.    His  list 

*•  Geol.  Iowa,  XX,  pp.  395-396;  sections,  pp.  379-385. 

**  Shimek,  Pioc.  Iowa  Acad.  Sci.,  VI,  p.  Ill;  Joan.  Geol.,  VII,  p.  137.  Some  of  these 
are  probably  also  referable  to  the  upper  or  post-Iowan  loess,  but  no  division  is  made  in  these 
papers. 

«Amer.  Joum.  Sd.,  (iii),  XXXIV,  p.  217. 

«Geol.  of  Iowa,  XI,  pp.  258-267. 
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includes  many  species  noted  by  Shimek  from  Cooncil  BlufFs,  with  the  addition 
4ji  thvee  not  recorded  from  the  latter  locality. 

SpkyradiuM  edentulum  alUcda 
Gatba  kumilis  modiceila 
"    caperaia 

The  bones  ol  an  elei^iant  and  the  horn  core  of  Bison  Uoifrons  (B.  oeciSepdalis, 
vide  Hay)  are  abo  reported  by  Udden  ftom  this  connty,  in  sect.  28,  James 
Township,  T.  76  N,  R.  40W,  in  loess  at  depth  of  H  feet.  At  Carson,  peat  and 
wood  are  found  at  the  base  of  the  loess,  showing  that  the  loess  was  deposited 
on  the  weathered  Kansan  drift  after  an  interval  of  time  sufficient  for  the  growth 
of  peat  and  a  forest. 

Udden^  reports  a  faima  in  a  terrace  of  loess-like  silt  north  of  Loveland,  at 
the  base  of  the  Missouri  River  bluffs,  which  should  probably  be  referred  to  the 
post-Kansan  interval  tho  the  presence  of  Unios  leads  to  the  conclusion  that 
the  deposit  is  not  loess.    The  q>ecies  listed  are  as  follows : 

Unio^  fragments  of  heavy-«he]led  species 

Bdicina  occulta  Btfidaria  koltinfgtfi 

Succinta  grosvenari  LeucockilafaUax 

BfdkeiisoHM  pmMius  Polygyradem 

Pyramidtda  altemata  Fxagments  of  a  boat 

Todd^  lists  a  number  of  loess  fossils  from  southeastern  Iowa  which  may  be 
iderable  to  the  Yannouth  interval    His  list  is  rqieated  below: 

RydUna  lnnn€ya$%a^  Pupa  muscarum 

"*      Juha  "    blandi 

"       Uneaia  "    faUax 

Edix  allcmata  "    armifera 

"    perspectiva  Vertigo  gauldi^ 

"    striateUa  Succinea  decampi^ 

"    labyrifUkUa  "       Uneaia 

"     numodon  "       axara 

*•    hai  **       abHqua  vat.  fnern^ 

"    dioeskfi^  Hdioina  auuUa 

"    muUiUneata  Lymnaaa  paroa^ 

CunuOa  subcyimdma  PamaliapHs  lapidaria 

Planofhis  triiolvis 

^Op.cU.,p.2Q6. 

^Pkoc.Ainer.A.A.Sd.,XXV2I»p.2S5.    The  alder  nomendature  is  here  mod. 
^  Tbese  apedes  have  not  been  reported  from  the  loess  by  later  students  and  the  identifi- 
cations are  questionable. 
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b.  Vertebrate  Animals 

The  mammoth  and  mastodon  were  widely  distributed  in  Iowa  during  the 
Yarmouth  interval.    Records  of  the  remains  of  these  animals,  more  or  less 
definite,  are  listed  by  Miss  Anderson,*  from  whom  the  following  records  are 
taken: 
Mammut  americanum. 

Fayette  County;  Clermont,  in  gravel  pit,  possibly  Buchanan  gravels. 

Henry  County;  in  valley  of  Big  Cedar  Creek,  Salem  Township;  the  creek 
had  washed  the  bones  from  an  old  bog.  Also  near  bank  of  Skunk  River. 

Lee  County;  in  Lost  Creek,  Washington  Township,  near  Denmark. 
Elepkas  (species  not  indicated). 

MiUs  County;  railroad  cut  between  Glenwood  and  Pacific  Junction,  not 
far  from  Keg  Creek,  5  to  8  feet  below  the  surface  in  the  upper  part  of  the 
boulder  clay  below  the  loess.  Malvern,  in  railroad  crossing,  from  lower 
part  of  loess. 

Pottawattamie  County;  in  section  34,  apparently  in  loess. 

Powershiek  County;  in  loess,  6  feet  below  the  surface. 
Mammoth  or  Mastodon. 

Shelby  County;  in  well  near  bank  of  small  stream  about  three  miles  from 
Defiance. 

A  mammoth  tooth  is  also  recorded  from  Given,  Mahaska  County  ''from 
the  general  area  of  the  Kansan  drift.  "^ 

Hay  (Geol.  Iowa,  XXIII)  adds  the  following  data  relative  to  the  mammal 
fauna  of  the  Yarmouth  interval.  The  writer  cannot  see,  however,  why  the 
fossils  from  Denison  (page  431)  should  be  referred  to  the  Sangamon  interval. 
They  seem  more  logically  to  belong  to  the  Yarmouth  interval,  as  the  deposits 
appear  to  overly  Kansan  drift.  The  same  is  true  of  the  CorrectionviUe  mater- 
ial. 
Mammut  americanum 

Crawford  County,  Denison,  Tooth  (page  382) 
kaphas  primigenius 

Powershiek  County,  Grinnell.    In  cellar,  5-8  feet  below  surface,  cor.  Main 

and  4th  streets,  teeth  and  other  bones.    Many  bones  half  mile  from  last 

locality,  at  depth  of  about  20  feet,  (pages  444-446). 

Crawford  County,  Denison.    Teeth  (page  43 1 ) 

Woodbury  Coimty,  CorrectionviUe.    Tooth,  (page  449). 
Proboscidian 

Warren  Coimty,  Indianola.  Elephant  bones  one  and  one-half  miles  east 
of  city,  6  feet  below  bottom  of  a  ravine  (page  84). 

•  Augustana  Lib.  Pub.,  No.  5, 1905. 
«  Amcr.  Gcol.,  XXXI,  p..  262. 
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Cervakes  roosveUi 

Crawford  County,  Denison.    Greater  part  of  right  antler  and  part  of  skull 
(page  267). 
Ranpfer  cf .  muscatinensis 

Woodbury    County,    Correctionville.    Post-Kansan    deposits.    Antlers, 
(pages,  281-282). 
Bison  occidenialis. 

Crawford  County,  Denison.    Scapula  (page  325). 

Woodbury  County,  Correctionville.    In  Welch  gravel  pit,  horn  core  and 

base  of  skull.    (post-Kansan,  page  325) 
Harrison  County.    In  clay  at  depth  of  22  feet  on  the  'bench'  or  second  bot- 
tom of  the  Boyer  River  (page  306). 
Hamilton  County.     Near  Webster  City,  sticking  in  gravel  bar  in  Boone 
River;  horn-core  and  part  of  skull,  (page  323). 
Symbos  cavifrans 

Warren  County,  one  and  one-half  miles  east  of  Indianola,  in  Lincoln  Town- 
ship.   Atlas  at  depth  of  1 1  feet  (page  307). 
Musk  Ox 

Warren  County,  Indianola.    In  well  at  depth  of  38  feet  beneath  river  bot- 
torn,  in  old  soil.    Part  of  humerus  (page  308). 

2.  NEBRASKA 

The  Yarmouth  interval  is  believed  to  be  represented  in  eastern  Nebraska, 
especially  in  the  loess  deposits  of  the  Missouri  blufFs.  References  to  deposits 
of  this  are,  however,  rare.  Todd^^  records  fresh  water  shells  from  a  deposit  of 
black  earth  in  Limekiln  ravine,  which  is  apparently  referable  to  the  Yarmouth 
stage.  The  stratum  is  90  feet  above  high  water  of  the  Missouri  River,  and  15 
feet  above  the  Greenhorn  limestone  from  which  it  is  separated  by  stratified 
drift.  Over  this  fossil  stratum  the  loess  lies  "  scores  of  feet  thick, "  with  a  very 
steep  slope.  The  till  beneath  the  loess  is  evidently  Kansan.  Three  species 
of  mollusks  are  enumerated. 

Sphaerium  sukatum  ('^simUe) 
Planorbis  hkannatus  {^antrasus) 
PlanorhiSy  large  species 

The  Loess 

Russel^  lists  a  loess  fauna  from  Loup  River,  which  overlies  Kansan  drift 
and  is  probably  of  post-Kansan  age.    Ten  species  are  enumerated.^* 

Succinea  axara  PupiUa  blandi 

**       line(Ua  (^grosienori)  Vaikmia  pulcheUa  (»gracUicosta) 

«  Elk  Point  Folio,  U.  S.  G.  S.,  No.  156,  p.  4. 
*•  Amcr.  GeoL,  VII,  pp.  38-44. 
^  Op.  cU.,  p.  40. 
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Succinea  verrilli^*  Hdicodiscus  lineatus  {^foiraiUhu) 

Pyrmnidida  skimekii  Hdicina  occulta 

''         crankkitei  anUumyi  Carycfnum  exiguum 

In  a  cut  Dear  Hartington,  Cedar  County,  the  Wisconain  drift  rests  upon  a 
calcareous  marl,  which  contams  a  few  fresh  water  shells,  six  species  being 
recorded. 

Vaiiata  tficofinata  Galba  palustris} 

Planofbis  partus  Succinm  etalis  ( ^obii^ma) 

Galba  obrussa  (  »iesidiosai  Spkaermm  siriaHmmm 

Todd'^  refers  this  deposit  to  the  late  Tertiary,  probably  the  Equus  beds  of 
Cope.  Similar  beds  are  reported  two  or  three  miles  east  of  Harrington.  The 
most  probable  correlation  of  these  beds  would  seem  to  be  with  the  Yarmouth 
interval.  Augheys*"  list  of  loess  fossils  from  Nebraska  is  so  unreliable  and 
the  identilfications  are  plainly  so  erroneous  that  it  cannot  be  used  and  must  be 
completely  ignored. 

3.    SOUTH  DAKOTA 

The  Kansan  ice  sheet  spread  over  the  eastern  half  of  South  Dakota  and 
upon  its  surface  the  remains  of  Yarmouth  life  have  been  observed.  In  Clark 
Coimty  Todd**  observed  the  following  section,  six  miles  from  Bradley,  in 
section  35,  Spring  Valley  Township: 

1.  Black  loam .'. 3  feet 

2.  Crumbly  yellow  day  (Wisconsin) 14    " 

3.  White  marl,  containing  sheUs 3    " 

4.  Muck,  containing  wood  and  shells 9    " 

5.  Blue  clay  (evidently  Kansan) 6 


»» 


Height  of  section - 35  feet 

The  white  marl  contained: 

.    Valxatatricarinata  Planorbis  bicafinatus  (^afUrosus) 

Galba  kumilis  modicella  "        parvus 

The  muck  contained  shells  similar  to  those  of  number  3,  and  also  coni- 
ferous wood  and  two  bivalve  moUusks,  Anodanta  species  and  Sphaenum  sul- 
catum {^simile).  This  was  evidently  a  shallowing  pond,  which  was  finally 
filled  with  loess. 

**This  is  an  evident  misidentification,  terriUi  being  an  eastern  species,  originally  de- 
scribed from  Anticosd  Island,  Gulf  of  St.  Lawrence.  Shimek  says  that  it  should  be  stricken 
from  loess  lists. 

"  Bull.  158,  U.  S.  Geol.  Surv.,  p.  73. 

"  Hayden's  U.  S.  Geol.  Surv.  Col.  &  Adj.  Terr.,  pp.  266-269. 

"  Proc.  Iowa  Acad.  Sci.,  VI,  p.  127. 
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In  Douglas  County  the  Yannouth  is  apparently  represented  beneath  the 
Wisconsin  till,  the  deposit  being  seen  in  well  sections.  One  such,  two  or  three 
miles  north  of  Grandview  (S.  £.  quarter  section  33,  T.  100,  R.  64)  contained 
wood,  cones,  shells,  etc.  in  muck,  and  was  situated  20  feet  below  the  surface. 
Todd  thus  refers  to  this  material.^  "An  ancient  tamarack  swamp. — ^Near 
Grandview,  in  the  southeast  quarter  of  sec.  33,  T.  100,  R.  64,  were  found  traces 
of  more  recent  occupation  of  the  region  by  trees.  In  a  well  which  had  been  dug 
on  the  edge  of  a  basin  near  a  branch  of  Andes  Creek,  at  the  depth  of  20  feet 
was  found  a  layer  of  muck  several  inches  in  thickness,  in  which  were  pieces 
of  wood  with  nimierous  fresh-water  shells  of  nearly  a  dozen  species.  But  the 
most  remarkable  thing  was  the  stem  of  a  hemlock  or  tamarack  about  10  inches 
in  diameter  lying  across  the  well,  and  in  the  muck  were  numerous  cones,  evi- 
dently of  the  same  species.  Overlying  this  trace  of  a  tamarack  swamp  was 
mud  of  various  colors  and  consistency,  evidently  washed  from  the  surrounding 
hillsides.  That  it  should  be  so  deeply  buried  was  chiefly  explained  by  its 
connection  with  the  channel  of  Andes  Creek.  This  was  conclusive  evidence 
that  the  region  had  been  occupied  more  or  less  by  timber  since  the  ice  had 
covered  the  region,  possibly  while  the  second  moraine  was  in  process  of  forma- 
tion.   Similar  finds  are  reported  from  wells  several  miles  west  of  that  place. " 

The  overlying  till  here  is  Wisconsin,  which  varies  greatly  in  thickness. 
The  surface  is  yellow  clay,  underlaid  by  blue  clay.  The  former  is  Wisconsin, 
while  the  latter  is  apparently  Kansan.  Prof.  Todd  evidently  correlates  the 
deposit  with  the  later  Wisconsin  when  he  says  "this  was  conclusive  evidence 
that  the  r^on  had  been  occupied  more  or  less  by  timber  since  the  ice  had 
covered  the  region,  probably  while  the  second  moraine  was  in  process  of  forma- 
tion." The  indications  are  that  the  underlying  blue  clay  was  laid  down 
by  the  Kansan  ice  sheet,  and  hence  the  fossil  remains  must  be  regarded  ais 
post-Kansan  and  pre- Wisconsin. 

From  this  new  angle  of  view  the  fossils  become  of  great  interest  The 
mollusks  were  submitted  by  Prof.  Todd  to  Prof.  R.  EUsworth  Call,  who 
recognized  the  following  species:^ 

Litnnophysa  palustris  Valvaia  sincera 

"  decidiosa  Segmentina  armigera 

Gyraulus  panms 

Recently,  the  material  gathered  by  Prof.  Todd  was  submitted  to  the  writer 
for  study  by  Mr.  W.  H.  Over,  of  the  University  of  South  Dakota  museum,  and 
fifteen  species  were  recognized,  as  noted  below: 

Pisidium  compressum  Lymnaea  stagnalis  appressa 

"       variabk  Planortns  trivdvis 

•*  Todd,  Bull.  158,  U.  S.  Geol.  Surv.,  p.  121. 

**  Op,  cU,f  p.  121,  footnote.    The  old  nomenclature  is  used. 
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Pisidium  medicnum 

PloHorhis  antrasus 

ValvtUa  irkarinata 

f> 

anifosus  striaius 

"         lewisii 

>9 

defieOus 

Suuinea  avara 

ft 

parvus 

Pkysa  species  (immature) 

tt 

exacuous 

Gaiba  palustris 

Two  species,  Segmentina  armigera  and  Limnophysa  (Galba)  decidiosa 
(^obrussa)  mentioned  by  Call,  were  not  detected  in  the  material  examined. 
Thirteen  species  are  likewise  included  which  were  not  mentioned  by  Call, 
possibly  because  the  material  examined  by  him  did  not  contain  them.  Valvaia 
sincera  as  identified  by  Call  also  proves  to  be  V.  lewisii. 

The  fauna  is  seen  to  have  been  laz^ge  and  varied.  The  deposit  was  evi- 
dently the  bed  of  a  large  river  or  lake,  and  could  not  have  been  a  tamarack 
swamp,  as  stated  by  Todd,  because  moUusks  such  as  Valvaia  tricarinata  and 
V.  lewisii  do  not  inhabit  such  a  station.  The  tamarack  log  and  cones  mentioned 
probably  floated  from  the  shore  and  became  buried  in  the  mud.  That  this 
fauna  lived  in  or  near  the  present  Andes  Creek  is  very  doubtful,  because  such 
an  assemblage  of  moUuscan  life  would  scarcely  be  foimd  in  this  kind  of  an 
environment. 

4.  MINNESOTA 

Interglacial  deposits  referable  to  the  Yarmouth  interval  occur  in  south- 
eastern Minnesota  between  Kansan  and  lowan  tills.^  In  Mower  County 
there  is  a  bed  of  peat  6-8  feet  thick  beneath  50  feet  of  lowan  drift.**  Pieces 
of  wood  thot  to  be  pine  and  cedar  were  found  in  the  peat  bed.  Several  other 
sections  in  this  vicinity  as  well  as  in  other  parts  of  the  County,  show  this  peat 
bed  to  be  widespread,  to  vary  from  2  to  8  feet  in  thickness  and  to  occur  from 
20  to  50  feet  below  the  surface. 

Wood,  apparently  from  the  same  horizon,  occurs  in  Dodge,*^  Steele," 
Waseca,**  Goodhue,**  and  Dakota**  counties.    Records  from  Olmsted,  Fil- 

*^  Upham  (The  Sangamon  Intergiadal  Stage  in  Minnesota  and  Westward)  refers  these 
interglacial  deposits  to  the  Sangamon  interval  As  the  deposits  underlie  lowan  till  and  overlie 
Kansan  till,  they  may  represent  the  entire  interval  between  these  two  ice  invasions.  It  is 
probable  that  if  these  deposits  could  be  carefully  studied  in  the  light  of  our  present  interpreta- 
tion of  Pleistocene  phenomena,  a  break  would  be  found  in  the  deposits  under  consideration 
representing  the  Dlinoian  ice  invasion,  if  this  part  of  the  country  was  not  glaciated  at  this  time 
The  deposits  in  question  seem  as  logically  referable  to  the  Yarmouth  as  to  the  Sangamon  inter- 
val. 

*•  Winchell,  Geol.  Minn.,  Final  Report,  I,  page  363. 

"  Op,  cit.,  I,  pp.  345, 375. 

••O^cii.,I,p.402. 

••0^cd.,I,p.413. 

••  Op,  c*/.,  II,  p.  51. 

•>  Op.  cU.,  II,  p.  98. 
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more,'*  and  Winona"  counties  are  probably  referable  to  the  Aftonian  as  they 
lie  under  what  is  now  believed  to  be  Kansan  drift.  The  area  of  the  lowan  till 
is  not  definitely  known.  Near  Moscow,  Freeborn  County,  at  depths  of  35  and 
50  feet  below  the  siuface,  sticks,  apparently  of  tamarack,  occur  in  gravel  and 
clay  associated  with  the  remains  of  crayfish  and  gastropod  shells.  In  a  well 
a  log  (tamarack?)  was  found  20  feet  below  the  surface  which  had  been  gnawed 
by  beavers  (possibly  Castaroides).  Peat  moss  and  sticks  were  associated  with 
the  gnawed  wood.  At  Manchester  a  bed  of  muck  was  found  70  feet  below 
the  surface.** 

In  Martin  County,  which  is  covered  with  the  Wisconsin  drift,  several 
horizons  of  shell  beds  have  been  reported.  At  Center  Creek^  a  sand  bed  8  feet 
thick  underlies  60  feet  of  tiU.  This  sand  bed  contained  ''elm  e  vres  and  clam 
shells  in  abundance,  the  latter  3-4  inches  long. "  Well  diggers  rep'-rt  shells  in 
coarse,  dark  sand  at  depths  of  20  to  60  feet  below  the  surface,  under  yellow 
and  then  blue  till.  Gastropod  shells  have  been  reported  6  feet  below  the  sur- 
face, imderlaid  and  overlaid  by  yellow  till.  Some  of  these  references  doubt- 
less include  the  Yarmouth  beneath  lowan  till  but  the  shallower  shell  beds  are 
evidently  Peorian. 

In  Brown  and  Redwood  counties  shells  and  vegetation^  are  reported 
between  till  sheets.  In  Lyon  County*^  gastropod  and  bivalve  shells  are  re- 
ported in  sand  and  gravel  from  8  to  263^  feet  below  the  surface.  In  Lac  qui 
Parle  Coimty**  wood  was  found  at  a  depth  of  52  feet.  In  Hennepin  County*' 
the  remains  of  wood  have  been  observed  at  various  places  between  tills.  In  a 
well  25  feet  above  Red  River  an  abundance  of  the  remains  of  marshes  and 
sedges  was  found  at  a  depth  of  45  feet.  To  just  what  interval  this  deposit 
should  be  assigned  is  not  clear;  it  may  be  Yarmouth  or  it  nmy  be  Aftonian. 
It  could  scarcely  be  post-Wisconsin.^®       ^ 

Shell  deposits  occur  in  Blue  Earth  County,  on  Blue  Earth  River  near  the 
Minnesota  River.  A  section  published  by  Owen^  may  be  interpreted  as 
follows: 

1.  Asb-colored  day  (Wisconsin) 8     feet 

2.  Coarse  sand  with  some  pebbles  (Wisconsin) 2       " 

3.  Ash-colored  day  marl  (Wisconsin) 7       " 

••O^.  cd.,  I,p.  312. 

•  Op,  cU,,  I,  p.  264. 
•*  Op,  cU.,  I,  p.  390. 

•  Op.  cil.,  I,  pp.  486-487. 

••  Geol.  Minn.,  Final  Rep.,  I,  p.  580. 

•'  Op.  cU.,  1,  pp.  608-609. 

••  Op.  cit.,  1,  p.  630. 

••O^ci^.,  I,p.  306. 

'•O^  «/.,!!,  p.  529. 

'>  Rep.  Geol.  Surv.  Wis.  Iowa  and  Minn.,  p.  489. 
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4.  Sand  and  pebbles,  with  aome  bouUeas  at  baae  (Wiaconaui) 8     Caet 

5.  Sand  with  fresh  water  aheUa  (Peofian) ^ H  ^oot 

6.  Sand  and  gravel  (lowan) 6     feet 

7.  Sand  with  fresh  water  shells  (Yarmouth).....* 8  inches 

8.  Soil  and  subsoil  (Yarmouth) 6     feet 


Heii^t  of  section J8  ft.  2  in. 

From  bed  No.  7,  ten  species  of  moilusks  were  secured. 

Valvaia  tricarinata  Lymnaea  columdla 

Ammicola  limasa  Pyramidula  cronkkiUi  antkonyi 

PUmorhis  antrosus  (  « hicarinahu)  ( '^sH4iUUa) 

"       partus  *'         aiiemata 

Ancylus  spedes  2iomioides  Ofhoima 

S^haerium  species  (^Cycl^) 

Shells  and  trees  are  reported  beneath  two  distinct  beds  of  till  in  Blue  Earth 
County;"  the  uppet  till  is  Wisconsin  and  the  lower  is  probably  lowan,  the 
life  being  referable,  therefore,  to  the  Yarmouth  interval.  In  Clay  County, 
at  Bamesville,  a  weU  boring  exhibited  the  following  strata: 

Oxidized  surface  of  till 2  feet 

YeUowish  tiU 10    " 

Thin  quicksand 1    " 


Depth  of  well 13  feet 

The  quicksand  contained  branches  and  trunks  of  trees  thot  to  be  tamarack. 
The  specimens  were  lying  across  the  well,  and  many  of  them  measured  dght 
inches  in  diameter.  The  till  beneath  the  Wisconsin  at  this  locality  is  probably 
Kansan  and  the  quicksand  woidd  therefore  be  referable  to  the  Yarmouth 
interval. 

In  McLeod  County^  the  Yarmouth  is'apparraitly  represented  in  several 
well  borings.  One  such,  four  and  one-half  miles  east  of  Hutchinson  Villi^, 
showed: 

Yellow  upper  till 14  feet 

Haider  gray  tm 3    " 

Dark  bluish  till 13    " 

Gray  sand 2    ** 


Depth  of  well 32  feet 

The  upper  yellow  till  is  Wisconsin  as  is  the  harder  gray  till.  The  dark 
bluish  till  is  lowan.  The  sand  beneath,  here  referred  to  the  Yarmouth  inter- 
val, contained  an  abundance  of  gastropod  shells. 

^  GeoL  Minn.,  Final  Rep.,  I,  p.  441. 
"0^  a*.,  U,  pp.  186-187. 
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Vertebrate  remaias  from  this  interval  are  evidoitly  rare  in  Minnesota. 
In  Nobles  County,  in  gravel  27  feet  below  the  surface,  the  bones  of  Elepkas 
primigenius  have  been  found. 

S.  WISCONSIN 

Fish  remains  have  recently  been  discovered  in  interglacial  deposits  at 
Menomonee,  Dunn  County,^  the  remains  consisting  of  skull  and  a  number  of 
associated  bones.  The  fish  was  evidently  about  two  feet  in  length.  The 
Menomonee  day  beds  are  from  20  to  40  feet  thick  and  are  located  in  the  valley 
of  the  Red  Cadar  River.  Weidman  (p.  688)  says  of  these  beds  ''The  relation 
of  the  lacustrine  clay  ('Menomonee  beds')  to  the  overlying  lowan  (Illinoian) 
glacial  gravels  indicate  that  the  probable  age  of  the  clay  is  the  intergladal 
stage  between  the  Kansan  and  the  lowan  (Illinoian),  that  is,  between  the 
second  and  third  glacial  stages  of  the  Pleistocene.  No  definite  relations  of 
the  clay  beds  at  Menomonee  to  the  Kansan  is  exhibited,  the  border  of  the 
Kansan  being  located  ten  or  twelve  miles  to  the  west,  but,  based  in  part  on 
other  geologic  data,  the  above  inference  as  to  age  seems  warranted. " 

A  generalized  section  of  the  deposits  in  this  vicinity  is  as  follows: 

lowan  (Illinoian)  outwash  gravel  and  coarse  sand 5-10  feet 

Unconformity 00  feet 

Lacustrine  clays  'Menomonee'  beds,  finely  stratified  silt,  fine  sand  and  calcareous 

clay 20-40  feet 

Fine  sand,  resting  unconformably  at  Menomonee  on  Upper  Cambrian  sandstone.... 

Maximum   150   feet 

"Besides  the  remains  (of  fish),  there  have  been  found  in  the  Menomonee 
clay  beds  the  remains  of  various  mammals  such  as  the  elephant,  mastodon,  rein- 
deer, caribou,  the  bones  of  other  animals,  the  leg  bone  of  a  bird,  and  also  frag- 
ments of  wood  identified  as  spruce. "  A  reindeer,  Rangifer,  is  thot  to  be  an 
extinct  species,  and  is  represented  by  both  male  and  female  antlers,  the  latter 
identified  by  Dr.  O.  P.  Hay  (page  689).  "  The  fossil  remains  of  the  land  mam- 
mals and  of  the  forest  trees  found  in  the  clays  are  only  in  fragmentary  pieces, 
indicating  the  fact  that  they  were  carried  some  distance  by  streams,  or  currents 
along  the  lake  shore,  and  dropped  into  the  bed  oi  the  old  lake.  The  remains 
of  the  fish,  on  the  other  hand,  are  fairly  complete  specimens,  and  seem  clearly 
to  indicate  that  these  fish  lived  in  the  lake  in  which  the  clays  were  deposited" 
(page  689). 

These  fish  remains  are  of  great  interest,  they  being  the  first  bones  of  this 
class  of  animals  to  be  definitely  identified  from  intergladal  deposits.  The  re- 
lation of  the  deposits,  as  commented  upon  by  Weidman,  seems  to  be  with  the 
Yarmouth  interval.    The  deposits  between  the  Kansan  and  lowan  may,  how- 

»••  Hussakoff,  Joum.  GeoL,  XXIV,  pp.  685-689,  1916. 


2(56  UFE  OF  THE  PLEISTOCENE 

ever,  include  also  the  Tllinoian  advance  and  the  Sangamon  interval^  particularly 
if  the  lowan  was  not  contemporaneous  with  the  Illinoian. 

6.  MISSOURI 

No  records  of  aquatic  Ufe  referable  to  the  Yarmouth  interval  in  Missouri 
have  been  observed.  Loess  deposits  are  common  along  the  Missouri  and  Miss- 
issippi rivers,  but  the  exact  horizons  from  which  the  recorded  fossils  were 
obtained  are  not  stated.  Many  doubtless  belong  to  a  la  ter  period,  and  the  pub- 
lished lists  are  not  available  for  the  study  of  the  Yarmouth  fauna  on  accoimt 
of  their  ambiguity.  A  few  of  these  are  here  recorded  for  the  sake  of  complete- 
ness. 

Swallow'^  and  Hambach^  both  list  a  number  of  species  from  the  loess  of 
the  Missouri  River,  but  no  definite  clue  is  given  as  to  their  being  of  post-Kansan 
or  later  age.  The  species  with  their  localities  are  indicated  bdow.^  The 
acquatic  species  are  probably  not  from  true  loess  deposits. 

Mouth  of  Little  Nemaha  River. 
Pdygyra  profunda  Pdygyra  muUUineata  Physa  keterostropha 

Near  mouth  of  Big  Nemaha  River. 

Pdygyra  mvUUiftMta  GiUba  elodes 

Pyramidida  cronkkitei  atUhonyi  Planarbis  trivolvis 

Hdicodiscus  paraUdus 

Half  mile  below  Great  Nemaha  River. 

Pclygyra  aXbalabfis 

Near  mouth  of  Wolf  River. 

Spkaerium  species  Physa  plicata  ( «  keierostropha) 

Planorhis  species  Lymnaea,  5-6  species 

SegmetUina  armigera  PyranUdula  aliemaia 

Bellevue,  Iron  County. 
Pyramidula  aUernata  Gaiba/ragUis  {^pdustfis) 

Bluff  City  Landing. 

Pyramidtda  alkmata  Succinea  campcsiris 

Hdicodiscus  paraUdus  (^lineatus)  Valvaia  tricarinaia 

VaUonia  pulchella  (^gracUicosta?)  Galba  palustris  (^jragUis) 
Bifidaria  armifera  '*     refiesa 

Circinaria  concava  "     5-6  species 

Pdygyra  thyr aides  Physa  heUrasiropha  (» plicata) 

"         profunda  "     gyrina 

Suuinea  ovalis  (''oldiqua)  Planarbis  trivaims 

^  Proc.  Amer.  Assoc.  Ad.  ScL,  XI,  pp.  21-39, 1858. 

**  BuU.  Geol.  Surv.  Missouri,  p.  82. 

**  The  recent  nomenclature  is  used  in  these  lists. 
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St.  Joseph,  Buchanan  County. 
Pdygyra  albohbris  {^Hdix  rufa) 

Lexington,  LaFayette  County. 
Pyramidtda  aUemaia  Potygyra  profunda  GaSba  palustris 

Mouth  of  Platte  River. 

Pciygyra  muUUineata  Galba  palustris 
Pyramidula  cronkkitei  antkonyi  "     5-6  species 

Hdicodiscus  paralldus  Physa  heterostropka 
VUrea  indenUUa  "    gyrina 

VaUonia  pulcheila  {^minuta)  ApUxa  kypnorum 

Bifidaria  armifera  Planorbis  trivohis 

Succinea  obliqua  Segmeniina  armigera 

Booneville,  Cooper  County. 

Pyramidula  cronkkUei  anihanyi  VUrea  hammonis  {^decUina) 

Vattania  pulckeUa  Hdicina  occulta 

Near  St.  Louis,  St.  Louis  County, 

Pomatiopsis  lapidaria  Circinaria  concava 

Hdicina  occulta  Pyramidula  cronkkitei  antkonyi 
Bifidaria  armifera  {^striatdla) 

Pupa  ^)ecies  Polygyra  ntonodon 
Zonitoides  arborea  "       kirsuta 

Vitrea  kammotfis  ('^dectrina)  Strobilops  labyrintkica 

The  seeds  of  LUhospermum  are  reported  from  the  mouth  of  the  Big  Nemaha 
and  five  mammab  are  recorded  from  various  localities,  as  noted  below: 

Castor  fiber  {» canadensis)  Near  mouth  of  Big  Nemaha 

Elepkas  primigenii4s  Bomie  Femme  Creek,  Boone  County 

Mammut  americanum  St.  Louis 

Molar  of  ruminant  Near  mouth  of  Big  Nemaha 

Incisors  of  small  rodent  Near  mouth  of  Big  Nemaha 

fn  the  above  lists  Physa  heterostropka  {=plic(ita)  is  doubtful  and  the  identi- 
fication is  probably  erroneous.  It  was  doubtless  founded  on  some  one  of  the 
more  recently  described  species,  perhaps  Physa  crandaUi,  Succinea  campestris 
is  strictly  a  southern  species  and  the  specimens  upon  which  the  identification 
was  made  were  probably  grosvenori  which  is  common  in  the  loess.  The  Vol- 
Ionia  i  s  also  probably  gracUicosta  and  not  pulcheila. 

The  Missouri  fauna  is  closely  related  to  the  southern  region,  such  species 
as  Polygyra  divesta  and  Hdicina  orbiculata  tropica  showing  this  affinity.  The 
majority  of  the  species,  however,  extend  well  to  the  northward. 

It  is  possible  that  the  Mastodon  (reported  as  angustidens,  but  now  known 
to  be  americanus)  recorded  by  Todd'^  from  Pike  County,  in  a  creek  entering 

"  Trans.  Acad.  ScL  St  Louis,  lU,  pp.  CXCU-CXCIU. 
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the  Mississippi  River  at  upper  end  of  QaricsviBe,  may  have  been  derived  from 
post-Kansan  deposits. 

Two  records  of  moUuscan  fossik  from  Callaway  County,  Missouri,^*  ap- 
pear referable  to  the  Yarmouth  interval,  occurring  m  post-JLansan  strata. 
The  first  record  apparently  represents  an  old  stream  bed  in  which  many  land 
shells,  washed  from  the  shore,  are  mixed  with  the  few  fluviatQe  species.  The 
second  record  is  in  typical  Kansan  loess  and  the  species  aie  all  terrestrial.  Of 
these  deposits  Gr^er  says:  ''The  first  place  visited  was  an  excavation  on  the 
east  bank  of  Middle  River,  a  short  distance  below  the  point  of  its  entrance  into 
the  goige  of  the  Missouri.  At  a  depth  of  26  ieet  bdow  the  level  of  the  flood- 
plain  of  the  Missouri  River,  in  a  black,  sticky  day,  the  following  species  were 
gathered: 

Succinea  cvalis 
Gastrodonta  ligera 
Hdicina  occulta 
PyNumdula  sdtUxna 
"         oUemaia 
"         per^pedka 
Hdicoducus  parmiidms 
Campdoma  subseliittm 
PUurocera  species 
MuscuUuM  trattsversum 

"The  second  locality  examined  was  an  expostue  of  typical  loess  in  the  gov- 
ernment quarry  a  short  distance  above  the  town  of  Mokane  on  the  M.K.  & 
T.R.R.  The  full  section  of  strata  exposed  in  the  quarry  face  measures  approxi- 
matriy  70  feet;  rising  abruptly  from  the  flood-plain  of  the  river,  the  Jefferson 
City  formation  (Ordovidan)  presents  a  precipitous  face  of  60  feet  followed  by 
a  layer  of  tough,  bluish  clay,  interspersed  with  worn  fragments  of  limestone; 
upon  this  bed  of  day  is  deposited  a  layer  of  loess  that  varies  in  thickne3s  but 
having  probably  an  average  of  9  feet  The  loess  is  capped  with  a  layer  of  soil 
rich  in  humus  and  supports  a  flora  typical  of  the  Missouri  Bluff  region. 

"While  occasional  specimens  of  the  spedes  listed  were  found  throughout  the 
entire  thickness  of  the  loess,  it  was  only  in  a  thin  zone,  about  16  inches  from 
the  base,  that  they  were  collected  in  abundance,  in  fact  they  are  so  abundant 
in  this  zone  as  to  attract  attention  from  the  highway  below,  by  the  white  line 
they  present  at  the  top  of  the  quarry,  being  even  m<»e  pronouziced  than  the 
Qrdovician-Pldstocene  contact. " 

It  is  probable  that  the  loess  deposit  represents  more  or  less  continuous  de- 
position from  post-Iouisan  to  comparatively  recent  times.     The  band  of 

"*  Gieger,  Nautilus,  XXX,  pp.  6^^^,  1916. 
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shells  described  as  fonning  the  distmct  line  probably  r^resents  the  Yarmouth 
interval.    Gr^r  lists  22  species  from  the  loess  deposit. 

Pdygyra  aUmlabristi)  Pyr<rmidtda  solitana(c) 
"       appressa{9)  "         aUemaUi(a) 

"       appressGy  small  var.(c)  ''         altemata,  srnaU  var.(c) 

"       eUvaiaia)  GastrodotUa  Hgera{r) 

"       muUUineaiaij)  HdUddiscus  ^aUehs(c) 

'*       ikyroidesic)  VaUonia  pulckOaia) 
"      zaUia7(c)  "      species  indet.(r) 

"      fraUma(c)  Bifidaria  cantracta(c) 
"       monod&n(c)  "       arndfera{c) 

"       hirsiaaic)  "       ^ocera?{T) 

ZomUnies  art&rea(id  Caryckium  extkin) 

"        minuscida(c)  HiUcina  occulta{c) 

-(a)  ^abundant  (c)*coiBfmeni  (r)>«Tai« 

7.  KANSAS 

Examples  of  the  Yarmouth  interglacial  interval  are  rare  in  Kansas.  Swal- 
low'* records  the  bones  of  a  horse  from  near  MarysviDe,  Marshall  County,  from 
a  weQ  45  feet  below  the  surface,  in  beds  of  stratified  sand  which  lie  beneath  the 
bluff  formation  Goess)  and  above  the  drift.    The  species  is  not  named. 

8.  ILLINOIS 

In  Illinois  the  Yarmouth  is  well  developed  in  many  localities  and  the  infor- 
mation at  hand  is  sufficient  to  lead  to  the  conclusion  that  it  underlies  the  Illi- 
Boian  drift  thruout  the  greater  part  of  the  State.  The  following  section  is 
typical  of  the  order  of  the  strata  in  the  western  counties:^ 

SeaUm  of  todl  at  Pana^  CkrisUan  County 

Soil  and  day  Ooess) 11     feet 

Blue  day  Ooess) 4  " 

Sand  and  gravd  (Sangamon) 12  ^' 

Hard  red  day  (containing  wood)  Tflinoian 21^  " 

Blue  day  (Illlnoian) 57  " 

Black  soil  or  forest  bed  (Yaimoatb) 2^    " 

Blue  day  (Kansan) 19  " 

Hdght  of  section 127     feet 

In  Ford  County  a  well  section  indicated  a  different  succession  of  strata.** 

Yellow  till  (Wiaconsin) 10  feet 

Softbhie  till  (WiacoMin) 3(M0    " 

^  Tzans.  Acad.  ScL,  St  Louis,  11,  p.  418. 
'•  Leverett,  BL  Glacial  Lobe,  p.  107. 
••  Op.  cU.,  p.  663, 
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Hard  blue  tUl  (minoian) 25-30  feet 

Black  muck  (Yarmouth) 20    " 

Sand  and  gravel  at  bottom  (Buchanan  graveb) x 

At  Bloomington,  McLean  County,  a  well  section  passes  thru  three  intergla- 
cial  intervals,"  as  noted  below: 

1.  Surbce  soil  and  brown  clay  (Wisconsin) 10  feet 

2.  Blue  day  (Wisconsin) 40    •* 

3.  Gravdly  hard  pan  (Wisconsin) 60    " 

4.  Black  mold  with  pieces  of  wood  (Sangamon) 13    " 

5.  Hard  pan  and  clay  (lUinoian) , 89    " 

6.  Black  mold,  etc.  (Yarmouth) 6    " 

7.  Blue  clay  (Kansan) 34    " 

8.  Sand,  buff  and  drab,  with  fossil  shells  (Aftonian). 2    " 

9.  Coal  shale  (C!oal  measures) z 

Depth  of  wcU 234    - 

Bannister  reports  Hdicina  occulta  from  No.  8,  which  is  suggested  might 
be  loess.  Another  shaft,  a  little  over  a  mile  distant,  passed  thru  materially 
the  same  strata,  with  only  local  variations  in  thickeness. 

Near  Coatsburg,  Adams  County,  a  coal  boring  showed  the  following  series 
of  strata:" 

1.  Soil  and  yellow  clay  Qoess) 6     feet 

2.  Gray  or  ashy  clay,  resembling  a  soil  (Sangamon) 4 

3.  Yellow  till,  becoming  gray  or  blue  near  bottom  (Illinoian) IQhlS 

4.  Blue-gray  till  (Illinoian) 70-75 

5.  Black  soil  (Yarmouth) 2J^    " 

6.  Stratified  clay  (Yarmouth) 6       " 

7.  Tough  blue  clay  (Kansan) 20       " 


ft 


Depth  of  well 118 


tf 


Worthen"*  reports  wood  and  bones  from  No.  5,  and  lacustrine  and  fluviatile 
shells  from  No.  6.    The  loess  is  said  to  contain  land  shells. 

a.  Silveria  Formation 

Hershey**  has  given  the  name  Silveria  to  certain  stratified  sUt-like  clays 
which  underlie  the  Illinoian  till  in  northwestern  Illinois.    These  are  referable 

«  Bannister,  Geol.  Illinois,  IV,  p.  1 78  ;Leverett,  111.  Glacial  Lobe,  pp.  108, 694. 
«0^.c*^.,p.716. 
»  Geol.  Illinois,  IV,  w>.  46-47. 

•*  Amer.  Joum.  Sci.,  (iv),  II,  pp.  324-330,  1896,  Levcrett,  lUinois  Glacial  Lobe,  od.IU- 
118. 
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to  the  Yarmouth  interval.    Three  land  shells  are  recorded  from  these  deposits 
near  Freeport,  Stephenson  County. 

Succinea  avara 

Pupilla  blandi 

Pyramidida  cronkhiUi  anlhonyi 

These  silts,  which  are  very  thick  and  vary  in  character  (including  a  bed  of 
brown  sand  which  may  be  an  old  soil),  cover  an  extensive  area  in  northwestern 
Illinois. 

b.  Loess 

An  excellent  exposure,  showing  two  loesses,  occurs  in  a  ravine  near  the 
line  of  Rock  Island  and  Mercer  counties.    This  section  is  reproduced  below:*' 

Loess  (post-Illinoian) 25  feet 

Black  soil  (Sangamon) 2-3    " 

Till,  mainly  of  blue  color  (Illijjoian) 90    " 

Loess-like  silt,  ver>'  fosslliferous  (post-Kansan) 12    " 


Height  of  section 130    " 

The  following  moUusks  were  obtained  from  the  post-Kansan  loess:* 

Hdicina  occulta  Sirobilops  labyrinlhica 

Hdicodiscus  paraUelus  {^lineatus)  Succinea  avara 
Galha  humilis  modicella  "       ItUeala** 

Pyramidida  perspectiva  ZonUoides  arborea? 

"  crankhiiei  arUkonyi  {™ siriatelld)  Polygyra  sptcies 

Bifidaria  armifera 

> 

The  mammoth,  mastodon,  and  other  vertebrated  animals,  no  doubt,  formed 
a  part  of  the  fauna  of  the  Yarmouth  Interglacial  Stage  in  Illinois.    The  mas- 
todon is  known  from  four  localities. 
Mammut  americanum 

Henry  County;  Cambridge,  in  well  16  feet  below  the  surface. 

Johnson  County;  Bloomfield,  in  yellow  clay,  3  feet  below  the  surface. 

Marion  County;  Sandoval,  12  feet  below  the  surface. 

Washington  County;  Beaucoup,  18  feet  below  the  surface,  under  the  yellow 
clay,  in  the  older  reddish  clay. 

Old  soil  deposits,  some  of  them  containing  wood,  are  known  from  the 
following  counties.  These  are  apparently  referable  to  the  Yarmouth  interval, 
as  they  underlie  Illinoian  drift. 

•*  Leverett,  op.  cit,,  p.  115. 

■•  This  is  evidently  the  same  list  given  by  Udden  in  Proc.  Iowa  Acad.  Sci.,  V,  p.  103. 
Polygyra  species  is  the  only  added  species  in  Udden's  list.  The  recent  nomenclature  is  used. 
Succinea  liUeola  is  a  southern  species,  and  the  identification  is  probably  an  error  for  afara, 
which  is  common  in  the  loess. 
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Adams,*^  Carroll,"  Cass,*»  Fulton^**  Hancock,*>  Hamilton,**  Iroquois,* 
Jackson,**  Jersey,*  Knox,*  Marion,*'  Menard,**  Macon,**  Monroe,***  Pike,*** 
Perry,***  Peoria,**  Randolph,***  Richmond,**  St  Clair,**  Sangamon,**^  Shd- 
by.** 

9.  INDIAKA 

Strata  i^yparently  referable  to  the  Yarmouth  Interglacial  interval  are  found 
in  various  parts  of  Indiana.  Near  South  Milan,  Ripley  County,  a  section  is 
reported  showing  the  strata  indicated  below:*** 

1.  Light  cdored  cUy  soil 10-14  feet 

2.  Yellow  day  with  flint  gravel  and  fossil  corals  (Illinoian) 12    " 

3.  Blue  facial  day  (Dlinoian) 12    " 

4.  CoarK  yellow  sand  with  recent  shells  and  water  (Yarmouth) 8    " 

5.  Blue  clay,  muck,  containing  roots  and  limbs  of  trees  (Yarmouth) 8    " 

These  strata  are  in  an  old  river  valley,  probably  pregladal. 

In  VermiUon  County***  wells  sunk  in  the  prairie  between  Eugene  and  Perry- 
villereachamassofleaves,  twigs  and  trunks  of  trees,  locally  known  as  "Noah's 
barn-yard. "  The  deposit  is  soft,  sticky,  bluish  day,  6-10  feet  thick,  and  over- 
laid by  60  feet  of  "alluvial  sand. "  The  deposit  is  believed  to  be  referable  to 
the  Yarmouth  horizon. 

•'  Leverett,  Illinois  Glacial  Lobe,  p.  7 15. 

^  Op.  cU,,p,  612. 

••  Worthen,  Geol.  Illinois,  VIU,  p.  16. 

••0^c»/.,lV,pp.91-92. 

•1  Leverett,  op.  cU,,  pp.  678, 684. 

«  Worthen,  (5ed.  111.,  VI,  p.  75. 

**  Leverett,  op,  cit.,  p.  656. 

•*  Op,  cit.,  p.  179. 

»  Worthen,  Geol.  lU.,  lU,  p.  107. 

••  Leverett,  HI.  Glacial  Lobe,  pp.  678, 684. 

•»  Op.  cU.,  p.  759. 

*•  Op.  cit.,  p.  7\0. 

••  Broadhead,  Geol.  HI.,  VI,  pp.  165, 192. 

iM  Winchell,  Proc.  Amer.  Assoc.  Ad.  Sd.,  XXIV,  p.  48. 

>«  Leverett,  HI.  Glacial  Lobe,  p.  720. 

>•*  Worthen,  Geol.  111.,  Ul,  p.  87. 

>«  Worthen,  op.  cit.,  V,  p.  236. 

»••  Worthen,  op.  cit.,  Ill,  p.  75. 

'•  Worthen,  op.  cit.,  VI,  p.  45. 

»••  Leverett,  111.  Glacial  Lobe,  pp.  763-764. 

I*'  Shaw  and  Savage,  Tallula-Springfield  Folio,  No.  188,  p.  7. 

)N  Broadhead,  Geol.  111.,  VI,  pp.  165, 192. 

»••  Borden,  Geol.  Surv.  Ind.,  Vll,  pp.  195-196. 

"•  Bradley,  op.  cU.,  1,  p.  140. 
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Near  Evansville,  Vanderburg  County,  a  coal  shaft  pierces  tbe  following 
deposits:^" 

Surface  soil  (loess) 9  feet  6  inches 


Blue  clay  (minoian  terrace) 30 

Gray  sand  (lUinoian  terrace) .>w 2 

Blue  mud,  quicksand  (Illinoian) 22 

GraVel,  sand,  and  shtils  (Yarmouth) 6 

Fire  clay  and  sand 28 

Gravel  and  sand 1 

Sandstone 2 


>t 


If 


99 


>» 


99 


9t 


»f 


6 
6 
3 
0 
3 
0 
0 


Height  of  section. V 


102    "    0      " 


The  mollusks  from  stratum  5  are  listed  below: 


As  listed 
Unto  ckunii 

between  Hncecurii  and  fHicatus 

asper 

nUiquus 

^urpuratus 
Trypanostoma  unciaU 

"  canalictdalum 

"  aiveare  v.  tarquaium 

Lhplax  cydoswmaHjormis  v.  cantofta 
Mda$Uho  pander osa 


ff 


99 


99 


>f 


Modem  name 
Pusconaja  ckunii 
Crenodonta  perpiicala? 
Quadnda  asper 
Pleurobema  ohliquum 
Propter  a  purpurata 
Pleurocera  unciaU 

canalicidalum 

aioemre 
Liopiax  cydostomaHjormis 
Campdoma  ponderosum 


» 


>i 


The  molluscan  faima  indicated  above  is  remarkable  because  many  of  the 
species  at  present  are  found  at  some  distance  from  the  Ohio  River.  The 
present  range  of  the  majority  of  the  species  is  as  shown  below: 

Ckunii;  Mississippi  west  to  central  Texas,  north  to  Arkansas. 

Asper;  Streams  flowing  into  the  Gulf  of  Mexico  from  Alabama  west  to  central  Texas,  and 

northward  to  the  Verdigris  River,  Kansas. 
PerpUaUus;  Alabama  River  drainage  and  streams  flowing  into  the  Gulf  of  Mexico  west  to 

central  Texas,  north  to  southern  Kansas. 
Purpuratus;  Eastern  Texas,  north  to  Kansas,  thru  southern  Missouri,  wcstem  Tennessee, 

to  the  Alabama  River  drainage. 
Pleurocera  unciale  and  P.  alveare:  Tennessee  and  Alabama* 
Lioplax  cyclostonuUiformis;  Alabama  and  Georgia. 

Only  three  species  are  at  present  living  in  the  Ohio  River.  If  the  identifica- 
tions were  correctly  made,  these  shells  indicate  a  change  of  climate  of  large 
degree,  fully  as  mudi  as  an  average  temperature  addition  of  10  or  15  degrees. 
The  presence  of  the  horse  and  tapir  in  deposits  of  equivalent  age  also  indicate  a 
warmer  climate.  The  presence  of  the  Alabama  species  also  opens  up  the 
question  of  avenues  of  transportation,  and  probably  strengthens  the  theory  of 


»"  CoUett,  op.  cU.,  VU,  p.  270. 
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the  ancient  Appalachian  River  which  included  the  Tennessee  above  Chat- 
tanooga added  to  the  Coosa-Alabama  River  system. 

In  the  bank  of  the  Ohio  River,  near  the  mouth  of  Pigeon  Creek,  below 
Evansville/"  deposits  occur  which  contain  the  fauna  indicated  below: 

MoUosca 

Pleuracera  canalicuUUum 
Campehma  ponderosum 
Fragments  of  Unios 

Mammalia 

Megalonyx  jefferstmi 

Bison  bison  (probably  an  extinct  species) 

OdocoUeus  tirginianus 

Equus  complicaius 

Tapifus  kaysii  (first  listed  as  T.  terrestris) 

Cants  indiattensis  (same  as  C.  dirus) 

Near  Henderson,  Kentucky,  a  section  of  the  "Peoples  Mine"  shaft  ex- 
hibited strata  evidently  referable  to  the  interval  under  discussion.^" 

1.  Yellow  clay  and  sand 10  feet 

2.  Black,  peaty  soil 4    " 

3.  Blue  clay 3    " 

4.  Yellow  clay  and  quicksand,  clay  and  sand,  with  boulders  1*^  inches  in  diameter 

and  a  great  variety  of  subtropical  fresh  water  mussels  and  univalves 10    *' 

5.  Porus  limestone 1    " 

Height  of  section 28  feet 

In  the  river  bank  near  Henderson  a  deposit  occurs  85  feet  below  the  surface 
which  is  comparable  to  the  stratum  at  Evansville.  The  bones  of  Megalonyx 
jeffersoni  were  associated  with  Campehma  ponderosum,  Pleuracera  canalicula- 
turn,  Physa,  Planorhis  tricarinala  (probably  intended  tor  bicarinata^  antrosus)^ 
Planorbis  lens{^exacuous  or  dikUaius)fCyclostoma(^  Fo/vo/a),  and  fragments  of 
Unios.  Cyclas  rivularis  is  mentioned  but  no  such  species  is  known.  The  bone 
and  shell  bed  was  contained  in  a  stratum  of  ferruginous  sand  underlaid  by  blue 
or  dark  ash-colored  clay."* 

CoUett*^  reports  Megalonyx,  Elephas  americanus  and  Casloroides  ohioensis 
from  black  quicksand  or  cherty  gravel  in  Vanderburg  and  adjoining  counties. 
The  strata  near  the  river  are  in  alluvial  terraces  older  than  Wisconsin  time 

»»  Leidy,  Proc  Phil.  Acad.  Sci.,  VU,  pp.  199-200,  1854;  also  14th  An.  Rep.  Dept,  GeoL 
Nat.  Res.  Ind.,  part  II,  1884.  Hay  (Geol.  Iowa,  XXlll,  p.  108)  refers  the  Pigeon  Creek  and 
Henderson  deposits  to  the  Sangamon  interval.  If  the  river  terrace  is  of  Itlinoian  age,  the 
fauna  beneath  would  belong  to  the  Yarmouth  interval.    They  are  so  considered  here. 

»<  Collett,  Geol.  Surv.  Ind.,  7th  An.  Rep.,  p.  271. 

"*  Leidy,  Smith.  Contr.  KnowL,  Vll,  Art.  V,  pp.  7-^. 

^^Op.ciL 
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and  referable  to  the  lUinoian  invasion.  The  fauna  beneath  this  terrace  deposit 
must  therefore  be  pre-IUinoian  ot  Yarmouth  in  age. 

A  number  of  mammals  have  been  reported  from  strata  apparently  of  Yar- 
mouth age.  Winchell"^  cites  Mastodon  remains  in  Clarke  County,  in  the 
Township  of  Utica,  at  a  depth  of  30  feet,  in  gravel  or  altered  drift.  Also  in 
high  lands  about  Charleston  and  in  other  elevated  positions  about  the  town, 
pine  and  cedar  wood  in  wells.  Wylie"''  records  Elephas  primigenius  from  a 
deposit  one  mile  southeast  of  Gosport,  Owen  County;  bones  were  found  in  a 
bed  of  sand  8  feet  below  the  surface,  underlying  blue  clay,  the  latter  Illinoian 
drift.  Leidy"*  reports  Dicotyles  {Mylohyus)  nastUus  from  a  depth  of  3O40 
feet  below  the  surface  in  Gibson  County.  While  it  is  not  possible  to  place  this 
record  without  doubt  in  any  horizon,  the  presumption  is  greatly  in  favor  of  its 
being  pre-Illinoian  and  hence  a  member  of  the  Yarmouth  fauna.  The  masto* 
don  is  reported  from  Posey  County,  near  the  mouth  of  the  Wabash  River,  in  a 
well  60  feet  beneath  the  surface."*    This  record  is  also  probably  pre-Illinoian. 

What  are  thot  to  be  pre-Illinoian  soils  occur  in  Pike  and  Gibson  counties. 
A  t3^ical  section  from  each  county  is  shown  below  :^ 

S.  W.  of  Petersburg^  Pike  County 

Blue  mud ^ 61  feet 

Logs  of  wood,  lumps  of  coal,  (lignite),  etc 1  foot 

Giavd 1    " 

Soft  day  (no  pebbles  reported) 35  feet 

Sandstone x 

N.  W,  of  Francisco,  Gibson  County 

Dirt  and  sand 12  feet 

"Ash  loam" 4  " 

Blue  clay 60  " 

Quicksand 30  " 

Coal  (lignite) ! 0  "   4  indies 

Gravd  with  water x 

"About  five  miles  west  of  Wheeling,  which  is  outside  the  limits  of  the 
quadrangle,  a  clay  with  abundant  pebbles  of  the  type  characterizing  Illinoian 
drift  was  found  overlying  a  true  loess  carrying  common  loess  fossils,  which  in 
turn  rested  on  an  oxidized  drift  sheet.  "^**  The  loess  is  probably  of  Yarmouth 
age,  and  the  older  drift  may  be  of  Kansan  age. 

"•  Proc.  Amer.  Assoc.  Ad.  Sci.,  XXIV,  p.  50. 

"» Amer.  Joum.  Sci.,  (ii),  XXVlll,  p.  283. 

"•Proc.  Phil.  .\cad.  Sci.,  1860,  p.  416. 

"•Hay,  An.  Rep.  Dep.  Geol.  Nat.  Res.  Ind.,  XXXVl,  p.  711. 

»••  Ditney  Folio,  U.  S.  Geol.  Surv.,  No.  84,  p.  3. 

»»  Op,  cit.,  p.  3. 
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Deposits  apparently  referable  to  the  Yarmouth  horizon,  altho  a  few  of  these 
may  prove  to  be  of  Sanganx>n  age,  have  been  recorded  as  foUows: 

Vigo,"*  Bartholomew,***  Warren,***  Brown,"*  Jenmngs,"*  Vermilion,"' 
Clay,**'  Knox,***  Dubois,***  Parke,***  Ohio,***  and  Franklin***  counties. 

10.  OHIO 

References  to  the  old  soil  and  old  forest  beds  of  Ohio  are  very  numerous. 
Many  of  these  are  indefinite  and  may  refer  to  either  the  Yarmouth  or  the 
Sangamon  intervals.  In  Montgomery  County,  near  Germantown,  a  section 
passed  thru  two  tills  and  penetrated  a  peat  bed  of  considerable  thickness. 
This  is  shown  below: 

SecHon  on  Twin  Creek 

1.  Tm    (WiscoMm) 60-70  fe«t 

2.  Stratified  saad  and  gravel  (SaDgamon) 10    " 

3.  TiU  (niinoian) 15-25 

4.  Peat  in  aaacer  shaped  depzession  (Yarmouth) 12-20 


The  upper  layers  of  peat  (No.  4)  contained  the  species  of  plants  indicated 
below:*** 

Sphagnum  moss  Juniperus  virginianus 

Grasses  Conifeious  wood 


Three  species  of  mammals  are  reported. 

Elepkas 

Mastodon  americanus 

Castoroides  ohioensis 

It  is  said  that  scarcely  a  square  mile  in  Montgomery  County  is  without  this 
peat  stratmn. 

It  is  believed  that  records  of  the  old  forest  bed  in  southern  Ohio  should  be 
referred  to  the  Yarmouth  interval,  as  they  underlie  deposits  apparently  refer- 

«  ScoveU,  Geol.  Ind.,  XXI,  p.  557, 

»  Elrod,  op,  cU.,  XI,  p.  163. 

«  Collett,  op.  ciC,  V,  p.  195. 

»  Op.  cU.,  VI,  p.  99. 

m  Borden,  Geol.  Ind.,  7th  An.  Rep.,  pp.  171-174. 

"» Wnchell,  Proc.  Amcr.  Assoc.  Ad.  Sci.,  XXIV,  p.  49. 

"•0^ct<.,p.  51. 

»•  Op.  cii.,  p.  50. 

»•  Bradley,  Geol.  Ind.,  I,  p.  185. 

^  Amer.  Joum.  Sci.,  (ii),  L,  pp.  54-57;  Newberry,  Geol.  Ohio,  II,  p.  31. 
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able  to  the  niinoian  drift.    A  typical  section  in  Clermont  County  is  shown 
below: 

WeU  Section  at  Mount  Oreb,  near  Bethd^ 

1.  Yellow  clay,  pebbly 14  feet 

2.  Sand  and  gravel 6  " 

3.  Blue  till  (niinoian  drift) 20  " 

4.  Black  mucky  day 15  " 

5.  Sand. „ 3  " 

6.  Alternations  of  bluish  clay  and  black  mudc  extending  to  the  limestone 10  " 

Height  of  section 68    " 

Leverett  doubtfully  refers  to  No.  4  as  preglacial,  but  it  would  seem  to  more 
nearly  fill  conditions  for  the  Yarmouth  interval.  Orton,  who  first  published 
the  above  section,^  remarks  that  all  wells  dug  pass  thru  this  buried  soil.  It 
would  appear  to  be  of  wide  extent  in  this  portion  of  Ohio,  and  has  been  speci- 
fically noted  in  Hamilton  County,^  where  stumps  bear  the  mark  of  the  huge 
Castoraides,  which  was  associated  with  the  mastodon  and  the  mammoth;  near 
Hyattville,  Delaware  County,  an  old  soil  is  found  beneath  blue  till.  This 
section  is  noted  below:** 

5.  Loose,  fresh  yellow  till 6S  feet 

4«  Blue,  hard  jointed  till  (apparently  old-Illinoian) 6    " 

3.  Stratified  sand,  much  weathered  (thickness  variable) 2    " 

At  Paris,**  Champaign  County,  on  smnmit  between  Mad  River  and  the 
Great  Miami  Valley,  a  well  section  reached  large  pieces  of  wood  (red  cedar) 
and  fragments  of  mussel  shells  in  gravel  at  4O0  feet.  This  section  is  believed 
to  be  in  the  ancient  channel  of  the  Miami  River,  and  the  deposit  may  represent 
the  Yarmouth  interval.  Near  New  Burlington,  Clinton  County,  wood,  leaves, 
and  sticks  have  been  found  in  blue  clay  at  from  15  to  40  feet  below  the  surface."^ 

In  Brush  Creek,  Adams  County,^^  the  horns  of  an  extinct  ox  {Bison  lati- 
frons)  were  found  18  feet  below  the  siuface  ih  a  gravel  deposit,  l3ring  on  tbe 
Cincinatti  group  of  the  Ordovician.  Many  years  ago  Whittlesey^  •  reported 
the  remains  of  a  horse  from  fissures  in  day  seams  of  limestone,  near  Columbus, 
Franklin  County.  This  may  be  referable  to  the  Yarmouth  interval  or  it  may 
be  of  Sangamon  age.    Many  records  from  Ohio  cannot  be  satisfactorily  placed 

»«  Leverett,  Mon.  41,  p.  273. 

»  Geol.  Ohio,  I,  p.  443. 

«•*  Op.  CI/.,  pp.  429,  432. 

"•  Geol.  Surv.  Ohio,  Bull.,  14,  p.  61. 

»  Orton,  Geol.  Ohio,  VI,  p.  277. 

"» WhitUesey,  Amer.  Joum.  Sci.,  (ii)  V,  pp.  213-214, 1848. 

"•  Smith,  Joum.  Gin.  Soc  N.  H.,  X,  pp.  19-24;  Amer.  Joum.  Sci.,  (iii) ,  X,  p.  386, 1875. 

»»•  Amer.  Joum.  Sd.,  (ii),  V,  p.  2 15, 1848. 
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on  account  of  the  hck  of  stiatigiaphical  data.    To  this  dass  bdong  many  of 
the  records  of  WincheU,  Whittlesey,  and  other  early  Ohio  geologists. 

11.  CANADA 

The  Yarmouth  Inteiglacial  interval  is  apparently  represented  in  southern 
British  America,  west  of  the  100th  meridian.  This  area  is  covered  by  the 
Wisconsin  drift  sheet,  which  rests  upon  the  Kansan  drift  sheet.  Inteiglacial 
deposits  between  these  sheets  are  probably  to  be  referred  to  the  Yarmouth 
interval,  tho  some  may  represent  other  intervals  between  these  two  stages. 
Strata  immediately  overiying  the  lower  (Kansan)  drift  are  probably  correctly 
referred  to  the  Yarmouth  interval. 

On  the  Rolling  River,  a  tributary  of  Swan  River,  west  of  the  101st  meridian, 
in  Manitoba,  a  section  was  observed  by  Mr.  J.  B.  Tyrell,  which  is  rq>roduced 
below  i*^ 


1.  Stratified  pravd 10?  feet   Oindws 

2.  UDftnUificd  tm  with  ftiiated  boulden. 22  "    0  " 

3.  Stratified  sandy  day,  beamiiDg  a  pure  laminated  clay  at  the  bottom, 

where  it  contains  many  hcsh  water  shells  and  diatmns ^ 6  "    0  ' 

4.  Stratified  gray  sandy  day 20      "    0  " 

5.  Slightly  sandy  stratified  clay,  colored  dark  brown  with  bituminous  mat- 
ter, and  containing  a  few  small  bivalves 1  "  10  *• 

6.  nastic  clay 5  "    0  " 

7.  Coaise  stratified  sand 12  "    0  " 

8.  Covendtowaur 12  "    0  " 


»»    «A         n 


Height  of  section 88      "  10 

Eight  species  of  mollusks  were  obtained  from  the  deposit  No.  3. 

Lymnaea  catascopium  (short  spired  variety)  Plcnorbis  hicarinatus{  »  antrosus) 
Vahaia  iricarinata  "        partus? 

"  "       O^eellcss  variety,  »ecafffui/a?)  Pistdium  abdUum 

limosa  paratai  Spkaerium  skiatinum 


With  the  shells  also  occured  a  number  of  diatoms  as  well  as  several 
higher  plants,  which  are  enumerated  below: 

Eicdea  canadensis  VaUisneria  spiralis 

Taxus  canadensis 

At  Churchbridge,  on  the  Manitoba  and  Northwestern  Railway,  a  well 
showed  the  following  section  :^^' 

1.  Sandy  loam 8  feet 

2.  Qay  with  gravel  and  smaU  stones 12    " 

3.  Gray  sand 2   " 

"•  Can.  Geol.  Surv.,  1890-91,  p.  116E,  217E,  1892. 
»«  Op.  cit.,  p.  142  E. 
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4.  Rocks  and  clay,  about  all  rocks 3  feet 

5.  Blue  clay  and  small  stones 7   " 

6.  Gray  sand 1   "  . 

7.  Soft  blue  clay  with  layers  of  sand  one  inch  thick  about  every  two  feet,  no  pebbles 

or  boulders. 234   ** 

Height  of  section 267    " 

In  the  bed  number  7,  at  a  depth  of  200  feet,  a  piece  of  wood  was  found  which 
Prof.  Penhallow  has  named  Larix  churchbridgensis.  The  same  species  has 
been  reported  from  southern  Manitoba  in  postglacial  deposits.^^ 

In  the  vicinity  of  the  Bow  and  Belly  rivers,  between  110  and  115  degrees 
west  longitude,  and  just  north  of  the  United  States  boundary,  a  general  sec- 
tion is  found  to  be  as  follows  :^^ 

Stratified  sands,  gravels  and  silts 

Upper  boulder  clay 

Interglacial  deposit  with  peat 

Lower  boulder  clay 

Quartzite  shingle  and  associated  beds. 

At  Wolf  Island,  BeUy  River,  a  section  exhibited  173  feet,  as  noted  below: 

Correlation  Character  Depth 

Wisconsin  till  Boulder  clay 100  feet 

Yarmouth  interval      Interglacial  deposit  with  peat 8    " 

Kansantill  Boulder  clay 15  ." 

Yellowish  &  brownish-yellow  sands 15    " 

Puri^ish-gray  clay 4   " 

Yellow  sands 6   " 

Nebraskan  till  Quartzite  shingle, 15    " 

Cretaceus  shales  and  sandstones 10   " 

Height  of  section 173  feet 

The  deposits  beneath  the  lower  boulder  clay  are  probably  referable  to  the 
Af tonian  interval  and  the  Nebraskan  drift.    No  organic  remains  are  reported. 

The  Ficus  described  by  Hollick,*^  and  referred  to  the  Af  tonian  on  a  pre- 
vious page,  may  be  of  Yarmouth  age.  No  age  is  assigned  to  the  deposit  by 
Hollick  nor  is  the  species  named  other  than  to  genus. 

12.   ALASKA 

Two  glacial  stages  have  been  observed  in  Alaska  by  Capps,^^  an  earlier 
one  separated  from  a  later  by  an  interglacial  interval  of  long  duration,  the 

^*Op.cit.,p.  143  E. 

»*»  Dawson,  Geol.  Surv.  Can.,  1882-«4,  p.  140  C. 
'«•  Bull.  Geol.  Soc.  Amer.,  XXVI,  p.  159,  1915. 
»*«  Joum.  Geol.,  XXIU,  pp.  748-756,  1915. 
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Interglacial  deposits  being  covered  in  places  by  a  lava  flow  and  this  by  a  later 
ice  sheet,  the  Wisconsin.  No  correlation  b  made  of  this  interglacial  intoval 
with  the  intervals  of  the  Mississippi  Valley,  but  it  might  have  been  coeval 
with  the  Yarmouth  interval,  which  was  of  long  duration. 

UI.  SYSTElfATIC  CATALOG  OF  THE  BIOTA  OF  THE  YARMOUTH 

INTERGLACIAL  INTERVAL 


Sphagittiim  wptCMM 

Drepanocladus  (idu$Kus(L.)  Wanist. 


Taxus  canadensis  Manh 

PiuMf  species 

Juniperus  vifginiana  Linn. 

PtCM  canadensis  (MBL)  BSP.  (?) 


PLANTS 

BRYOPHYTA 
SnUOMACBAE 

Hypnacae 

SPERMATOPHYTA 

Taxaceae 

PiNACEAB 

Picea  species 

Larixlaricina  (DuRoi)  Kch.  »americana 
"  ckntckhfidgensis  Peohdlow 


Elodea  canadensis  Michx. 

Species  indet. 
Species  indet. 


IMhospermum  (seeds) 


If 


MONOCOTYLEDONEAE 
HYDROCaAKTrACBAE 

Vallisneria  spiralis  Linn. 
Gramincae 

Cypeeaceae 

DiCOTYLEDONEAE 
BORAGINACEAE 

ANIMALS 

MOLLUSCA 
PELECYPODA 

Uniontoae 


Pusconaja  ckunii  (Lea) 

"      ruhiginosa  (Lea) 
Crenodonia  perplicaia  (Conrad)  ? 
undulaia  (Barnes) 


Pleurobema  obliquum  (Lam.) 
PropUfa  purpurala  (Lam.) 
Qtiadrtda  asper  (Lea) 

pushdosa  (Lea) 


tt 


THE  KANSAN  ICE  INVASION 

Sphaeriidae 

Spkaefium  snUatum  (Lam.) 

"        siHaUnum  (Lam.) 
iiusatUum  tratuversum  (Say). 
Pisidium  9anabU  Prime. 

Pisidium  medianum  Sterki 
"       abditum  (Hald.) 
"  -    campressum  (Prime) 

GASTROPODA 

Hkucinidab 

Rdkina  occulta  Lamarck. 

Valvatcdae 

Valvaia  HcanmUa  Say 

Vahata  sincera  Say  ? 

281 


"      Uwisii  Currier 


A  mntcola  limosa  paraia  (Say) 


Campdcma  panderosum  (Say) 

subsoUdum  (Anthony) 


» 


Pleurocera  canaUctdatum  (Say) 
"       alveare  (Conrad) 


AioncouDAE 

Pomatiopsis  lapidaria  (Say) 

ViVIPAKIDAE 

Lioplax  cyclostanuU^omUs  (Lea) 

Plcxtkocesxdae 

Pleurocera  unciale  (Hald.) 


Physidae 

PAy^a  gyrina  Say 

PJIy^a  specict 

Planokbidae 

Planorbis  atUrosus  Conrad 

"        auirosus  striatus  Baker 
"        Hodvis  Say 

Planorbis  parvus  Say 
"        deJUOus  Say 
"       exacuous  Say 

Lymnaeidae 

Galbacaperata  (Say) 
"     ofrritfja  (Say) 
"     JlMffit/»5  modicetta  (Say) 

C?a/fta  paluslris  (MUller) 
"    catascopium  (Say) 
Pseudosuccinea  columella  (Say) 

AnUCULTDAE 

Carycktum  exiguum  (Say) 

Caryckium  exile  H.C.  Lea. 

SucaNEiDAB 

Succinea  ovalis  Say 
"      tfWftf  Say 

Suuinea  grosvenorH  Lea 
"      re^fifa  Lea 

Vallonudae 

VaUonia  graciUcosta  Reinh. 
"      AflfM/a  Sterki 

Cocklicopalubfica  (M(iller) 

Ka/^f'a  M^ikd^  (MOUer) 

COCHLICOPIDAE 
PUPfLLIDAE 

Bifidaria  ariHijera  (Say) 

Pt«^i(/a  6/aiM^*  (Morse) 

tt 


pentodon  (Say)  ^curndens  Say 


Kef<tf<9  ff»i/wm  (Goukl)'««<' 


•*^  K«fc  Steriu, 
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it 


it 


VtrUgo  owita  Say 

"     boUesiana  (Morse) 
LeucockilafaUax  (Say) 
Sfrobilops  labyrintkica  (Say) 
"      Virgo  (Pislbry) 


Bifidaria  coniracta  (Say) 

"     tappaniana  (C.B.  Adams) 
^pentodon  Authors. 
koikingefi  (Sjterki) 
pfocera  (Gould) 
Pupilh  muscorum  (Linn.) 

ENDODONTIDAf 

Sphyradium  edenttdum  dticcla  OlngersoU)  Pyramidula  aUemaUi  (Say) 
Hdicodiscus  paraUelus  (Say)  *'         shimekii  (Pilsbry) 

Pyramidula  cronkkitei  atUkonyi  Pilsbry  "         sMaria  (Say) 

"         perspecUva  (Say)  Oreokdix  iowensis  Pilsbry 


Zomtoides  arborea  (Say) 

"        minuscula  (Binney) 
EucoHulus  fulvus  (Mttller) 


ZONTTIDAE 

Vilrea  hammonk  (Strom) 

"     indeniata  (Say) 
Gasirodonia  ligera  (Say) 


Pdygyra  kirsuta  (Say) 

"       fmmodon(Rwckett)^leai(W2itd) 
"       dausa  (Say) 
"      jratema  (Say) 
"       infleda  (Say) 
*'       appressa  (Say) 


Heuctoae 

Polygyra  tkyraides  (Say) 

muUUineata  (Say) 
prajunda  (Say) 
albolabris  (Say) 
devata?  (Say) 
zoMa  (Binney) 


yt 


»> 


» 


If 


» 


Species  indet 


Cristi9omer  namycusk  (Walbaum) 


Genus  et  species  indet. 


Megalanyxjefferscni  Desmarett 


Equus  complicatus  Leidy 


Tapirus  haysii  Leidy 


Myhhyus  nasutus  (Leidy) 


ARTHROPODA 

COLEOPTERA 
Species  indet. 

VERTEBRATA 

PISCES 
Salomonidjb 

AVES 

MAMMALIA 

Megatherhdae 

Equidae 

Tafikidae 

Tayassuidae 
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Cekvidas 

OdocaUeus  virginianus  (Zlmm.)  Rangifer  species 

R^nt^er,  cf .  musc^immsii  Leidy  Cenalces  rgotwM  Hay 

BOTIDAS 

Bison  taiifr<ms  (HarUn)  Symkos  carifrons  (Leidy) 

"     ocddetMis  Lucas 

Elepantidae 

Elephas  frimigemus  Blum.  ifammui  americ^mim  (Kerr) 

"     cfilumbi  Falconer 

Casioroides  okioensis  Foster 


Syhilagus  fiaridanus  (Allen) 
Mepkiiis  mephitka  (Shaw) 
Canis  dirus  Leidy 


Castosoididae 

LEPOaiDAE 

mustelidae 
Canidae 

IV.      SUMMARY 


The  deposits  of  the  Yarmouth  Intei^glacial  interval  are  known  to  extend 
from  Nebraska  and  South  Dakota  eastward  to  southeastern  CMiio,  including 
Illinois  and  Indiana;  they  extend  south  to  the  Missouri  River  in  Missouri, 
and  to  northern  Kentucky;  to  the  north  they  are  found  in  Minnesota  and 
southern  Manitoba,  Saskatchewan,  and  Alberta.  That  the  interval  was  of 
long  duration  is  believed  by  Leverett,***  who  states  that  the  thickness  of  peat 
and  associated  deposits  is  impressive  evidence  of  an  interglacial  interval  of 
considerable  length.  The  extent  of  the  weathered  zone  is  still  greater  proof. 
Additional  evidence  of  the  long  duration  of  this  interval  (in  Iowa)  is  furnished 
byKay,***who  cites  the  great  amount  of  weathering  of  the  Kansan  drift  ^ 'which 
produced  a  gumbo  (gumbotil)  over  20  feet  in  thickness,  the  diastrophic  eleva- 
tion of  150  to  200  feet,  and  the  mature  topography  which  was  developed  by 
erosion  after  the  diastrophism  and  apparently,  in  the  i;nain,  before  the  close 
of  the  Yarmouth  epoch. " 

Osbom^*  believes  that  the  Yarmouth  was  the  longest  interglacial  interval 
and  says  of  its  climate:  "It  would  appear  that  the  Second  Interglacial  Yar- 
mouth Stage  was  of  greater  duration  than  the  entire  interval  between  the  Third 
Glacial  and  the  present  time.  In  the  course  of  this  long  warm  Second  Inter- 
glacial Stage  the  climate  again  moderated,  becoming  slightly  warmer  than  the 
climate  of  today.  The  climate  inunediately  following  the  retreat  of  the  ice 
was  cool  and  moist,  then  followed  a  long  warm  stage,  but  this  stage  was  finally 

'*  Illinois  Glacial  Lobe,  p.  43. 

»«•  Science,  N.  S.,  XLUl,  p.  398,  191  6. 

^  Men  of  the  Stone  Age,  p.  269. 
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succeeded  by  a  period  of  aridity  both  in  Europe  and  America  in  which  the  first 
loess  deposit  occurred." 

That  the  fiiuna  and  flora  advanced  mto  the  territory  laid  bare  by  the  reces- 
sion of  theKansan  ice  is  attested  by  the  wide-spread  character  of  the  discovered 
remains  of  animals  and  plants,  124  species  bdng  rather  definitely  recorded; 
12  plants,  20  vertebrates,  and  92  moUusks.  Of  the  plants,  all  are  now  living 
and  none  is  peculiar.  The  Spennatoph3rtes  are  the  leading  type,  the  Pinaceae 
furnishing  the  larger  number  of  species.  The  MoUusca  are  largely  rq>resented, 
92  species  being  recorded,  2  of  which  are  extinct,  tho  having  living  representa- 
tives in  the  drier  portions  of  the  southwest;  40  species  are  aquatic  and  52 
species  are  terrestrial.  Streams  and  ponds,  as  well  as  rivers,  must  therefore 
have  been  numerous,  and  moist  woodlands  as  well  as  drier  uplands  probably 
were  present: 

As  ^  as  the  jdants  and  mdlusks  are  concerned  the  life  of  the  Yarmouth 
Intergladal  interval  was  veiy  little,  if  any,  di£Ferent  from  that  of  today.  The 
vertebrates,  however,  tell  a  different  story,  for  of  20  species  represented,  at 
least  14  or  70  per  cent  are  extinct.  Giant  sloths,  horses,  peccaries,  tapirs, 
elejdiants,  deer,  bison,  giant  beavers,  hares,  skunks,  and  wolves  roamed  about 
the  country  and  formed  a  vertebrate  fauna  quite  different  from  that  of  today. 
The  insects,  ct  which  only  a  few  wings  of  beetles  are  known,  will  probably  tell 
a  similar  story  when  a  sufficient  number  have  been  discovered  and  classified. 

The  presence  of  the  peccary,  giant  sloth  and  tapir  point  to  a  climate  con- 
siderably warmer  than  the  present.  Other  mammals,  as  the  deer,  rabbit, 
skunk,  and  bison  suggest  a  climate  not  warmer  than  that  of  the  present  time. 
The  pine,  tamarack,  and  juniper  suggest  a  cooler  climate.  It  is  probable  that 
during  this  intergladal  period  there  was  a  succession  of  climates  as  the  ice  sheet 
waned  and  waxed  again — cold,  temperate,  warm;  warm,  temperate^  cold; 
That  a  portion  of  the  country  was  dry  is  attested  by  the  loess  deposits  and 
their  fossils,  aU  pointing  to  periods  of  prolonged  dryness.  The  fauna  of  the 
loess  is  discussed  at  greater  length  in  Chapter  X. 


CHAPTER  IX. 

THE  nUNOIAN  ICE  INVASION  AND  THE  SANGAMON  INTER- 

GLACIAL  INTERVAL 

I.  The  Ilunoian  Ice  Invasion 

''The  typical  foimatioii  of  this  stage  was  a  sheet  of  till  occupying  the  sur- 
face in  the  southern  and  western  portions  of  Illinois^  and  running  back  under 
the  later  formations  to  the  northeast  toward  the  Labradorean  center  of  radia- 
tion. Its  surface  e]q)osure  is  traceable  northerly  into  Wisconsin  and  easterly 
into  Indiana  and  Ohio,  but  it  is  not  identified  with  any  confidence  farther 
east,  where  the  margin  seems  to  have  fallen  back,  and  to  have  been  overridden 
by  the  ice  of  the  Wisconsin  epoch.  The  identification  of  the  Illinoian  drift 
in  the  Keewatin  area  is  yet  an  open  question.  Like  the  Kansan  drift,  the 
Illinoian  is  made  up  of  clayey  till,  without  marked  association  with  assorted 
drift  in  most  regions.  There  is  appreciably  more  assortment  of  the  material, 
however,  than  in  the  Kansan  drift.  There  are  tracts  of  kames  in  some  sec- 
tions, notably  a  belt  running  southwest  from  Tower  Hill,  Illinois,  to  the  mar- 
gin of  the  drift.  The  original  surface  was  generally  plane,  and  only  a  limited 
tendency  to  ridging  in  the  fasion  of  terminal  moraines  has  been  found.  The 
west  edge  of  the  Illinoian  ice-lobe  crossed  the  present  course  of  the  Mississippi 
between  Rock  Island  and  Fort  Madison,  and  pushed  out  into  Iowa  a  score  of 
miles,  forcing  the  river  in  front  of  it.  Previously  the  Kansan  lobe  had  forced 
the  Mississippi  east  of  its  present  course,  if  indeed  it  did  not  already  have  a 
course  east  of  its  present  one  before  the  Kansan  ice  appeared.  Efforts  to 
trace  out  the  early  courses  of  the  Mississippi  under  the  thick  mantle  of  drift 
in  Illinois  have  not  been  entirely  successful  "^ 

II.  The  Sangamon  Interglacial  Interval 

A.  SANGAMON  SOIL  AND  WEATHESEI)  20NE;  TYPICAL  EXPOSURES 

''Between  the  disappearance  of  the  Illinoian  ice  sheet  and  the  deposition 
of  the  lowan  tOl  and  loess  there  occurred  an  interval  of  degtadation  about  as 
marked  as  that  between  the  Kansan  and  niiQoian  stages  of  gladation,  a  period 
marked  by  leaching  and  oxidation  of  the  Illinoian  drift,  of  peat  and  soil  accvunu- 
lation,  and  of  erosion.  This  interval  was  long  since  brought  to  notice  by  Prof. 
A.  H.  Worthen  in  his  report  on  Sangamon  County,  Illinois.    For  this  reason, 

1  Chamberlin  and  Salisbury,  Geology,  111,  p.  391. 
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and  because  of  the  conspicuous  development  in  the  Sangamon  drainage  basin, 
it  seems  appropriate  to  name  it  the  Sangamon  Interglacial  Stage.  "^ 

A  typical  generalized  section  of  the  strata  in  Sangamon  County  is  given 
by  Leverett,  after  Worthen,  and  is  reproduced  below: 

Soil !. 1-2  feet 

Yellow  clay  (lowan  loess) 3  " 

Whitish  (gray?)  jointed  day,  with  shells  (lUinoian  loess) 5-8  " 

Black  muck  with  fragments  of  wood  (Sangamon  soil) 3-8  " 

Bluish  colored  boulder  clay  (Illinoian  drift) 8-10  " 

Gray  hardpan,  very  hard  (IlUnoian) 2  " 

Soft  blue  clay,  without  boulders 20-40  " 

This  interval  is  widespread  in  Illinois,  but  is  not  always  represented  by 
muck  beds.  Sometimes  it  is  represented  by  a  leached  and  somewhat  reddish 
deposit  which  has  been  called  the  *ferretto  *  zone  by  Dr.  H.  F.  Bain.'  In  some 
areas  there  is  an  alternation  of  sand  with  peaty  beds,  this  phase  being  restricted, 
apparently,  to  the  borders  of  valleys  where  stream  action  has  been  more  or 
less  active,  intermittently.  The  blue  loess  is  also  to  be  included  in  the  Sanga- 
mon interval,  and  is  to  be  separated  from  the  upper  yellow  or  lowan  loess. 
The  Sangamon  is  considered  first  in  those  states  in  which  it  covers  the  ejq^osed 
Illinoian  drift,  and  later  in  those  states  to  the  north  and  northeast  in  which 
this  drift  sheet  is  covered  by  the  Wisconsin  till. 

B.  DISTRIBUTION  OF  THE  SANGAMON  BIOTA 

1.  IOWA 

As  has  already  been  stated,  the  lUinoian  ice  sheet  invaded  Iowa,  pushing 
the  Mississippi  River  westward  for  several  miles.  Illinoian  drift  is  found  near 
Fort  Madison  northward  to  near  the  northern  boundary  of  Scott  County.  In 
this  area  a  number  of  deposits  occur  which  are  referable  to  the  Sangamon 
interval.  In  Des  Moines  County,  near  Burlington,  a  section  exposes  the 
following  strata:^ 

1.  Brownish  yellow  clay  free  from  gravel,  grading  into  No.  2  (lowan  loess) 5  feet 

2.  Typical  ashen  compact  loess  (lUinoian) 8    ** 

3.  Till  with  abundance  of  gravel  and  pebbles  (IlUnoian) 20    " 

Height  of  section .13  feet 

*  Leverett,  Illinois  Glacial  Lobe,  p.  125;  Proc.  Iowa  Acad.  Sci.,  V,  p.  71;  Worthen,  Geol. 
111.,  V,  pp.  306-319. 

*  Proc.  Iowa  Acad.  Sci.,  V,  p.  91. 

*  Keyes,  Iowa  Geol.  Surv.,  Ill,  p.  156. 
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Number  2,  referable  to  the  Sangamon  or  Illinoian  loess,  contained  six 
species  of  mollusks. 

Pyramidtda  ferspectioa  Succinea  oUiqua 

"        cratikkUei  anHumyi  Helicina  occtdia 

Pupilla  muscorum  Galba  obrussa  i^desidiosa) 

Leverett^  also  lists  a  number  of  species  from  this  locality ,  these  being: 

Sucdnea  obliqtM  Oreokdix  iowensis 

"       lineaia  {^grosvenarii)  Pyrarmdtda  crankkUei  atUhonyi 

Helicina  occuUa  "       perspectiva 

In  Louisa  County,  at  Grandview,  from  the  bottom  of  a  well  12  feet  deep, 
four  species  of  mollusks  were  collected.* 


Succinea  a^ara  Galba  caperata 

"       grostenorii  "     kumilis  modiceUa 


In  the  same  county,  Udden'  states  that  the  Sangamon  old  soil  is  especially 
pronounced  in  the  east  bluffs  along  the  Iowa  River,  northeast  of  Wapello.  In 
the  bluff  of  the  Mississippi  River,  where  the  Muscatine  North  and  South  R.  R. 
has  made  a  cut,  the  Sangamon  soil  or  peat  is  partly  replaced  by  gymnospermous 
wood.  In  Sweetland  Township,  Muscatine  County,  (SWJ<  Sect.  12,  T.  77  N, 
R.  1  W)  elephant  bones  were  observed  in  a  peat  deposit  containing  gym- 
nospermous wood.*  The  elytra  of  beetles  have  also  been  found,  and  at  two 
other  points  the  remains  of  the  elephant  have  been  observed.  The  succession 
of  strata  noted  below  is  exhibited  in  this  r^ion: 

Loess 

.  Sangamoii  soil 
niinoian  till 

Buchanan  gravel  and  Yarmouth  soil 
Kansan  till 
Aftonian 
Nebraskan  till 

From  the  Sangamon  soil  in  the  bed  of  Otter  Creek,  near  Morning  Sun, 
(NW34  Sect.  25,  T.  73  N,  R.  4  W)  several  bones  of  a  mastodon  were  ob- 
tained.* Ab  elephant  tooth  was  also  found  in  a  well  near  a  tributary  of  Indian 
Creek,  which  may  have  come  from  the  same  horizon.^  The  antler  of  a  deer 
(probably  extinct)  was  reported  by  Udden  from  NWJ^  Sect.  14,  T.  74  N,  R. 
3  W. 

*  Illinois  Glacial  Lobe,  p.  169. 

*  Udden,  Geol.  Iowa,  XI,  p.  112. 
^  Geol.  Iowa,  XI,  pp.  101-111. 
*Op,cit,,p.  110. 

*  Udden,  Iowa  Geol.  Surv.,  IX,  p.  350. 
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At  Davenport,  in  Scott  County,  Lcverett  records  the  presence  of  a  post- 
niinoian  loess.  Near  the  base  of  the  loess  at  Division  Street,  eight  species  of 
mollusks  were  secured  by  Prof.  Udden:*® 

Hdicina  occttUa  Bifidaria  pentodon 

Succinea  avara  Galba  palustris 
Spkyradium  edentulum  aUicola  "     caperata 

Pyramidida  crankkUei  antkonyi  Sphaerium-fngtaent  of  vftlve 

Udden's  first  list  differs  somewhat  {op.  a/.,  p.  168)  and  may  have  been  based 
on  specimens  from  a  higher  position  in  the  loess. 

Succinea  avara  Pyramidtda  cronkkUei  anlhonyi 

"       grosvenorii  Helicodiscus  paraUelus 

"       luUola  HeUcina  occtdta 

CocUicopa  lubrica  Spkyradium  edentulum  aliicola 

In  a  cut  along  the  Chicago,  Rock  Island  and  Pacific  Railroad,  west  of 
Davenport,  the  tusk,  teeth,  and  other  bones  of  Elephas  primigenius  were  found 
in  a  bed  of  bluish  loess  (post-IUinoian)  3-5  feet  thick  which  lay  jiist  above  a 
bed  of  brown  peat  (Sangamon  soil)  1  foot  in  thickness.  This  deposit  has  been 
thot  to  be  Af  tonian,  but  seems  clearly  post-IUinoian.^^* 

Mammoth  bones,  apparently  referable  to  the  Sangamon,  have  been  found 
at  Big  Rock  and  Blue  Grass,  Scott  County.  The  latter  was  buried  10  feet 
below  the  surface,  embedded  in  yellow  clay." 

At  Muscatine,  Muscatine  County,  fossiUferous  deposits  occur  which  are 
referable  to  the  Sangamon  interval.    McGee"  lists  the  foUowing  fauna: 

Fusconaja  ebena  PupiUa  hUmdi 

Nepkronajas  Hgamentina  Bifidaria  corticaria 
Euryma  recta  '^       pentodan 

Arcidens  conjragosus  Spkyradium  edentulum  alticola  {» simplex) 

Campelopta  subscUdum  HeUcodiscus  paraUelus  (^lineata) 

Helicina  occulta  Pyramidtda  cronkkitei  antkonyi  ( «  siriateUa) 

.  Galba  kumilis  modicdla  Oreokdix  iowensis  ( » '  cuperi '  *  coo  peri) 

Succinea  ovalis  Euconulus  fulvus 

"       awira  Vallonia  gracilicosta  (^^ pulckella) 
PupiUa  muscorum 

The  four  naiades  as  well  as  the  Catnpdama  listed  above,  probably  came 
from  a  fluviatile  stratum  beneath  the  true  loess,  probably  formed  at  a  time 
when  the  Mississippi  was  at  a  much  higher  level  than  at  present. 

1^  Illinois  Glacial  Lobe,  p.  173. 

'••Pratt,  Proc.  Daven.Acad.Sci.,l,p.96;  Norton, Iowa GeoLSurv.,  IX, p. 482;  Shimek, 
op.  ci/.,  XX,  p.  376. 

"  Anderson,  Augustana  Library  Pub.,  No.  5,  p..  35. 

I'llth  An.  Rep.  U.  S.  Geol.  Surv.,  p.  471,  after  Witter.  The  modem  nomenclature  is 
here  used. 
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A  caribou  (Rangifer  muscatinensis)  was  found  by  Mr.  Witter  in  a  deposit 
thot  to  be  loess."  Shimek  (vide  Hay,  Geol.  Iowa,  XXIII,  page  34)  states 
that  the  bones  were  in  a  deposit  bearing  the  same  relation  to  the  Illinoian 
drift  that  the  Loveland  bears  to  the  Kansan  drift,  hence  preceding  the  forma- 
tion of  the  post-Illinoian  loess.  A  fragment  of  an  antler  of  a  caribou  was  also 
said  to  have  been  found  by  Prof.  Witter,  in  the  loess  at  Neibert's  brickyard, 
near  Woodlawn  and  Orange  streets,  Muscatine. 

A  tooth  of  Mammut  americanum  was  secured  from  the  bank  of  Mad  Creek, 
about  a  mile  from  its  point  of  entrance  to  the  Mississippi  River.  The  tooth 
was  found  about  10  feet  beneath  the  surface  of  the  bluff  in  a  bed  of  gravel. 
The  deposit  appears  referable  to  the  Sangamon.^^ 

2.   ILLINOIS 

The  Sangamon  horizon  is  ^Videly  distributed  in  southern,  western  and  north- 
western Illinois,  and  old  soil  or  weathered  strata  have  been  found  in  almost 
eveiy  coimty.  In  northwestern  Illinois,  the  lowan  was  at  one  time  thot  to 
overlie  the  Illinoian  drif  t,^  but  later  investigations^*  have  shown  that  the  older 
drift  is  all  referable  to  the  Illinoian  drift  sheet.  A  typical  section  showing 
post-IUinoian  deposits  is  afforded  by  a  coal  shaft  at  Ashland,  near  the  line  of 
Sangamon  and  Cass  Counties. 

Black  soil IJi  feet 

Loess  of  yellow  color  (lowan  loess) 9       " 

Loess  of  blue  color  (Illinoian  loess) 2       " 

Peat  and  black  sandy  slush  (Sangamon) 22       " 

Bluish  gummy  clay 20       " 

Yeflow  till  (Illinoian) 30       " 

m 

Height  of  section 84^  feet 

a.  Deposits  of  Flumatile  Origin 

Five  miles  south  of  Milan,  Rock  Island  County,  a  deposit  occurs  at  the 
base  of  the  loess  in  the  bluff  of  Mill  Creek.  The  fauna  is  almost  exclusively 
aquatic.^^ 

Succinea  avara  Planarbis  parvus 

Lynmaa  stagnalis  appressa?  (fragment)  Vaioata  tricarinata 
Gatbureflexa  "      sincera 

Planarbis  aUnts  Pisidmm  species  (fragments) 

»  Leidy,  Amer.  Joum.  Sd.,  (iii),  XVU,  p.  410;  Hay,  Geol.  Iowa,  XXIU,  pp.  34, 279. 
»« Witter,  Proc.  Iowa  Acad.  Sd.,  I,  part  2,  p.  67 ;  Udden,  Iowa  Geol.  Surv.,  IX,  p.  352 . 
^  Leverett,  Illinois  GladalLobe,  Oiapter  Vll. 
>•  Alden,  Joum.  Geol.,  XVII,  p.  694. 
>'  Leveiett,  Illinois  Glacial  Lobe,  p.  174. 
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b.  Old  Soil  Horizons 

Near  Danville  Junction,  Vermilion  County,  the  subjoined  section  was  ex- 
posed in  a  well  boring.^' 

Yellow  till  and  grmvel 20  feet 

Blue  till 15  " 

Haidpan. 30  " 

Blue  till 15  " 

Sandy  loam. 10  " 

Clay,  sand  and  gravel 50  " 

Muck  bed  with  wood 8  " 

Tough  blue  day. 25  " 

Sand  and  gravel 2  " 

Coal  measures. x 

The  muck  and  wood  appear  to  overlie  the  Qlinoian  drift  and  hence  may  be 
referable  to  the  Sangamon  interval. 

Organic  remains  have  been  found  in  a  ravine  in  Richland  Creek,  Woodford 
County  (sect.  21,  T  28,  R.  2  W.),  the  section  being  interpreted  as  follows:^* 

>•  Sou  and  yellow  day^ >  5^^  j^^  (Wiscon^n) 

2.  Purphah  day  or  nard|MLn ) 

X  Blue  sandy  day,  containing  fresh  water  shells 6     feet^ 

'—'-— «■}'—' 

7.  Blue  day x       "    (lUinoian) 


5.  Blue  day 3-4 

6.  Drift  wood  and  peaty  matter ^ 5-6 


It 
If 


No.  3  of  the  section  contained  Lymnaa  and  Succinea,  and  from  No.  4  was 
obtained  American  white  birch,  black  spruce,  American  tamarack  and  one 
variety  of  cedar.    No.  6  contained  American  tamarack. 

In  Tazewell  County,'®  at  Delavan,  the  following  section  has  been  noted: 

Yellow  till  (Wisconsin) 15  feet 

Blue  till  (Wisconsin) 60 

Muck  and  wood  (Sangamon) 6 

Green  mucky  clay  (Sangamon) 8    " 

Gray  sandy  till  (lUinoian) 30    " 

Gray  sand  (lUinoian) 122    " 

Height  of  section 241    " 

"  Leverett,  Illinois  Glacial  Lobe,  p.  699. 

>•  Green,  Geol.  in.,  IV,  p.  336. 

*  Leverett,  Illinois  Glacial  Lobe,  p.  691. 
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Near  Cooper  a  bed  of  muck  was  found  between  tills  at  a  depth  of  150  feet. 

In  Champaign  County,^  at  Mahomet,  a  similar  section  occurs  showing  this 

interval. 

Gravel 7  feet 

Pebbldess  day 3    " 

Brown  and  gray  till 32    " 

Bladt  mudt 2    " 

Hard  till 58    " 


Height  of  section 100 


»f 


The  black  muck  or  peat  deposit  near  Mahomet  contains  a  beetle  fauna  of 
10  spedes  which  has  recently  been  studied  by  Wickham.*^  The  section  from 
which  the  beetles  came  has  been  studied  by  Dr.  T.  £.  Savage  who  refers  the 
deposit  to  the  Sangamon  interval;  it  lies  just  above  the  lUinoian  till  and  is 
separated  from  the  Wisconsin  till  by  a  slight  development  of  loess-like  silt. 
Writing  of  the  climate  of  the  Sangamon,  as  indicated  by  the  beetles,  Wickham 
says:  "I  think  we  are  quite  justified  in  assumitig  that  conditions  were,  at  any 
rate,  more  rigorous  than  in  southern  IlUnois  at  present.  Probably  they  were 
at  least  as  severe  as  in  Ontario  at  the  date  of  formation  of  the  Scarborough 
beds. "    Four  families  and  seven  genera  are  represented  by  the  ten  species. 

Carabidae  Dytiscidae 

Carabus  meander  sangamon  Agabus  savagei 

Pairobus  henslowi  "      pradugens 

PUUynus  pleistocenicus  Staphylinidae 

"       subgdidus  Olophrum  irUerglaciale 

Chlaenius  plicUipennis  Chiysomelidae 

Donacia  styrioides 

Comparison  with  the  beetles  of  the  Toronto  beds  at  Scarborough  iadicate 
that  none  are  identical  as  to  species.  It  is  probable  that  many  peat  deposits 
of  inteiglacial  age  contain  the  remains  of  insect  life,  which  will  be  of  great 
value  for  comparison  with  these  deposits  already  studied,  when  they  have  been 
given  the  same  carefid  scrutiny. 

In  Mercer  County  (Sect.  9,  T.  13,  R.  4)  in  the  bluflF  bordering  Pope  Creek, 
heavy  beds  of  sandy  marl  occur,  which  contain  some  mollusks  (LymtuBa  and 
Succinea).^  These  beds  apparently  underlie  Illinoian  loess.  In  Boone  Coim- 
ty,^  near  Irene,  a  black  soil  is  found  separating  lowan  from  Illinoian  till  and 
containing  molluscan  shells. 

Identifiable  plants  referable  to  the  Sangamon  appear  to  be  rarely  recorded 
from  Illinois.    At  Bloomington  the  two  species  noted  below  were  recognized 

»  Op.  cU.,  p.  703. 

*!•  Amer.  Journ.  Sd.,  iv,  XLIV,  pp.  137-145, 1917. 

»  Green,  Gcol.  ill.,  IV,  p.  302. 

*»  Leverett,  op,  cU,,  p.  375. 
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by  Penhallow  from  material  obtained  at  depths  of  100  and  107  feet  below  the 
surface  at  the  base  of  the  Wisconsin  drif  t.^ 

Pkea  canadensis  (^alba)  Taxus  minor  (^baccaia) 

In  Sangamon  County**  a  section  in  a  well  (NE 14  Sect.  36,  T.  18,  R.  6,  W.) 
showed  the  following  strata: 

Soil,  black 3  feet 

Clay,  yellowish,  fine  grained  (}oesa) 9    " 

Soil,  black,  with  pieces  of  wood  (Sangamon) 4    " 

Clay,  yellow  (Illinoian  drift) 5 

Boulder  clay,  blue,  compact,  with  some  quicksand  (Illinoian  drift) 10 


n 


Height  of  section 31  feet 

The  Sangamon  soil  overlies  the  drift  in  many  places  in  this  county,  and 
includes  logs  and  branches  of  trees.  Mucky  soil  is  reported  by  Leverett  from 
beneath  Wisconsin  drift  in  Moultrie,*  LaSalle,^  and  under  160  feet  of  Wiscon- 
sin tUl  at  Barringon,  Lake  County.'^  In  the  Fox  River  Valley  the  Wisconsin 
b  underlaid  by  a  thick  bed  of  peat  which  overlies  the  IDinoian  drift.**  The 
Sangamon  soil  horizon  has  been  definitely  recorded  from  the  following  counties 
in  Illinois: 

McLean,'®  Henry,'^  Logan,"  Edgar,»  Greene,"  Carroll,*  Peoria,"  Tazewell,* 
Sangamon,"  Christian,'^  Menard,",  Cumberland,***  Coles,*"*  Shelby,^,  Cass,** 
Knox,*®  LaSalle,**  Iroquois,**  Vermilion,**  Champaign,**  Ford,**  Livingston,** 
McHenry,**  Kane,**  Clark.*« 

••  Bull.  Geol.  Soc.  Amer.,  I,  p.  333. 

*  Shaw  and  Savage,  TaUula-Springfield  Folio,  U.  S.  G.  S.,  No.  188,  p.  8. 
**  Illinois  Glacial  Lobe,  p.  730. 

"  Op.  cit,,  pp.  636^1. 

«0^.  a/.,p.  581. 

'*  B.  W.  Thomas,  personal  communication. 

*•  Leverett,  Illinois  Glacial  Lobe,  p.  694. 

«  Op.  cU.,  p.  624. 

«0^.  CI/.,  p.  709. 

»  Op.  cit.,p,  732. 

**Op.cii.,p.  745. 

*  Leverett,  Illinois  Glacial  Lobe,  p.  612. 
»  Udden,  Bull.  506,  U.  S.  G.  S.,  p.  56. 

•^  Leverett,  Proc.  Iowa  Acad.  ScL,  V,  p.  76. 

"  Worthen,  Geol.  111.,  Vlll,  p.  15. 

••Op.cit.,p.  16. 

*•  Leverett,  Proc.  Iowa  Acad.  Sci.,  V,  p.  78. 

"Leverett,  Proc.  A.  A.  A.  Sci.,  XXXVll,  pp.  183-184. 

^  Leverett,  Illinois  Glacial  Lobe,  p.  733. 


THE  ILUNOIAN  ICE  INVASION  293 

The  following  records  have  been  referred  to  the  Peorian  by  Leverett,  but 
in  the  light  of  present  evidence  they  would  seem  to  be  referable  tp  the  Sanga- 
mon interval: 

Kankakee  County;^  old  soil  beneath  blue  till. 

Iroquois  County,-^  till  underlaid  at  many  points  by  a  black  soil  and  by  beds 
of  peat  and  shell  marl ;  old  soil  60-80  feet  below  the  surface. 

Woodford  Coimty;^  Metamora,  till  140,  muck  and  sand  15,  till  115  feet. 

Douglass  County,-^  near  Areola,  swampy  muck  below  blue  till  at  about  50 
feet,  harder  till  beneath. 

Edgar  Coimty.^^ 

McHenry  County.** 

Kane  County;**  at  Elgin  shoe  factory,  old  soil  at  118  and  113  feet;  also  at 
HI  and  114  feet;  near  St.  Charles*®  old  soils  at  72  to  78  feet  and  195-200  feet*^ 

DeKalb  County  ;^^  several  instances  of  an  old  soil  below  the  Wisconsin. 

Lee  County,-"  old  soil  beneath  78-100  feet  of  drift. 

Kendall  County;^  near  Piano,  old  soil  containing  grass  leaves  beneath  till 
at  depth  of  25  feet.    Near  Melbrook,  old  soil  with  wood  at  160  feet. 

Dewitt  County,*^  a  muck  bed  beneath  80  feet  of  till,  underlaid  by  green 
day,  apparently  a  swamp  subsoil. 

Cook  County;  an  old  till  was  encoimtered  in  the  Chicago  drainage  canal 
east  of  Summit  (Leverett). 

Many  buried  soils  occur  at  different  depths,  and  these  have  been  referred 
by  Leverett  to  both  the  Sangamon  and  the  Peorian  intervals.  Such  occur 
in  Kane,  DeKalb,  LaSalle,  Bureau,  McLean,  Lee  and  other  adjacent  counties.** 
These  soils  occur  at  depths  of  from  40-50  to  180-200  feet.  In  Iroquois  County 
a  soil  horizon  occurs  at  the  base  of  the  soft  Wisconsin  till,  while  another  is 
encountered  in  the  harder,  Illinoian  till. 

^  Leverett,  Illinois  Glacial  Lobe,  p.  654. 

•*  Op,  cU.,  p.  655. 

•  Op.  cU,,  p.  672. 

«*0^c*/.,  p.  731. 

«  Op,  cU,y  p.  732. 

**Op,cU.,p,577, 

*•  Op.  cU,,  p.  595. 

M  Op.  cU.,  p.  597. 

'*  This  soil  is  evidently  pre-IUinoian  or  Yarmouth. 

**  Leverett,  Illinois  Glacial  Lobe,  p.  600. 

^  Op.  cit.,  p.  610. 

"  Op.  cU.,  p.  644. 

»  Op.  cU.,  p.  707. 

**  Illinois  Glacial  Lobe,  pp.  262-266. 


2W  UFE  OF  THE  PLEISTOCENE 

In  northeastern  Illinois  three  drift  sheets  are  apparently  penetrated  in 
weU  borings.    These  vary  in  thickness  as  noted  below.^^ 

Upper  or  Wiflconsin  drift  sheet 50-100  feet 

Middle  drift  sheet 15-50     " 

Lower  drift  sheet 45-175   " 

The  upper  or  Wisconsin  till  is  soft,  while  the  two  lower  drifts  are  very  hard — 
hence  called  by  tihe  drillers  "hard-pan. "  Just  what  the  two  lower  drift  sheets 
are  has  not  been  definitely  indicated.  One  is  certainly  lUinoian.  The  present 
aspect  of  the  lowan  drift  would  seem  to  e](clude  that  till  sheet.  It  might  be 
the  equivalent  of  the  Kansan;  or  these  two  lower  sheets  might  be  variations 
of  one  sheet,  the  Blinoian.  Until  more  data  are  available  it  seems  unsafe  to 
claim  more  than  one  soil  horizon — the  Sangamon. 

The  Sangamon  interval  is  represented  in  the  Upper  Illinois  Valley,  where 
the  river  has  cut  thru  the  drift  deposits.  On  the  west  bank  of  Spring  Creek, 
about  a  mile  below  Dalzell,'^*  a  section  shows  the  following  strata.  The  life 
has  not  been  identified  as  far  as  known  to  the  writer. 

Bloomington  till  (Wisconsin) 40  feet 

Loess 15-20  feet 

Silt  at  base  of  section  crowded  with  shells  and  roots  of  plants  (probably  Sanga- 
mon)   X 

c.  Florencia  Formation 

Some  years  ago,  Mr.  Hershey^^  described  a  fossil-bearing  formation  from 
near  Freeport,  Stephenson  County,  to  which  he  gave  the  name  ''Florenda 
Fonnation. "  and  assigned  it  to  a  post-Kansan  interval,  below  the  lowan  loess. 
The  formation  may  be  thus  briefly  described.  The  basal  member  (which 
rests  on  drift)  is  c(xnposed  of  coarse,  subangular  gravel,  containing  a  few  mol- 
lusks  and  some  drift  wood.  The  thickness  is  unknown,  but  is  believed  to  be 
as  much  as  20  feet.  Resting  upon  this  gravel  are  three  deposits,  a  dark  blue- 
green  sOt,  light  brownish  gray  sand,  and  dark  brown  carbonaceous  clay  or  muck. 
The  thickness  of  these  deposits  is  variable.  The  muck  is  overlaid  by  laminated 
and  variegated  clays.  The  Florencia  deposits  are  of  fluviatile  origin  and  were 
formed  in  the  bed  of  an  interglacial  stream,  probably  an  ancient  Pecatonica 
River. 

Hershey  says.*'*"It  rests  upon  the  Kansan  drift  sheet  everywhere  except 
where  post-Kansan  erosion  has  completely  removed  the  till  and  other  glacial 
deposits.  It  is,  therefore,  separated  from  the  latter  by  an  erosion  interval 
of  the  length  of  which  the  interglacial  rock  gorges  of  this  region  are  the  gauge. 

»» Leverett,  op,  cU.,  142-143. 

»»•  Sauer,  Bull.  111.  Sute  Geol.  Surv.,  No.  27,  p.  73, 1916. 

»•  Amcr.  Jotim.  Sci.,  (iv),  IV,  pp,  90-98. 

••  Op.  cU.,  pp.  93-94. 
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The  Florencia  forrnktion  passes  through  these  rock  gorges,  completely  burying 
their  flat  bottoms.  Its  age  is,  therefore,  not  earlier  than  the  practical  comple- 
tion of  these  gorges.  The  Florencia  formation  is  overlain  with  perfect  con- 
formity by  the  basal  member  of  the  lowan  loess  series. " 

The  drift  sheet  called  Kansan  by  Hershey  is  now  correlated  with  the  Illi- 
noian*  ^  drift-sheet  and  the  Florencia  formation  thus  falls  into  the  Sangamon 
Intergladal  interval.  Hershey  states  that  typical  upland  loess  occurs  above 
thesje  deposits.  This  latter  formation  possibly  includes  both  Illinoian  and 
lowan  loesses.  The  Florencia  deposits  are  said  to  be  rather  widely  distributed 
in  the  Pecatonica  basin  and  they  are  believed  by  Hershey  to  be  represented  in 
other  parts  of  northwestern  Illinois. 

The  faima  from  the  Florencia  formation  is  large  and  varied,  including 
both  terrestzial  and  fluviatile  species.  It  is  not  specifically  stated  by  Hershey 
whether  some  of  these  came  from  the  old  soil  (muck).  It  is  a  common  exper- 
ience to  find  land  shells  in  the  shore  debris  mixed  with  the  more  common 
fluviatile  sheUs,  tho  they  by  no  means  occur  in  such  abundance.  The  list  of 
terrestrial  shells  seems  unusually  large,  tho  there  is  no  reason  why  these  species 
should  not  occur  in  shore  debris.  They  have  no  connection  with  the  loess. 
The  species  Usted  by  Hershey  are  tabulated  below: 


Indian  Garden  Locality 

Pleurocera  subulare 
Vivipara  sptcies,  juv. 
Campdoma  decisum 
Amnkda  limosa  porata 
cincinnatiensis 


» 


ByikifuUa  tenuipes 
Valvata  tricarincta 
Pkysa  heterostropha 
Anc^^  tardus? 
"    ritularis 
"    pardUeliis 


Crane  Creek  Locality 
Pleurocera  subulate 

Campdoma  decisum 

Amnicdla  cincitmatiensis 
Samaiogyrus  depressus 
BytkineUa  tenuipes 
Valvata  tricarinata 
Physa  heterostropha 


Planorbis  bicarinatus(^ antrosus) 

"        parvus 
Gaiba  kumilis  modiceUa 


Sphaerium  stamineum 
"         striaUnum 


Pisidium  walkeri 
"        cruciatum 
»       faUax 


SegmatUina  armigera 
Planorbis  antrosus 
"        parvus 

Galba  ohrussa 
Sphaerium  stamineum 

strialinum 

simUe{ »  sulcatum) 

solidulum? 


ft 


» 


» 


Pisidium  faUax 


Leverett,  Illinois  Glacial  Lobe,  p.  167. 
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Pisidium  puncUUum 
*i       compressum 
"       variabile 

Pisidium  punctahim 
"       compressum 
"       variahUe 
**       virginicum 
"       species 

"       species 
CofychtWH  cxtguuM 
*'       exile? 

Sucdnea  avara 
VoUonia  PersPecHva 

Succinea  avara 

VaUonia  costata 

SirolHicps  Virgo 
Bifdaria  contrada 
"      carticaria 

Bifidaria  contracta 

"      holnngeri 

Bifidaria  holsingeri 
**      armifera 
Veriigo  elatior 
"     iridemtata 

Zofiitoides  arhcfren 

Viirea  hammonis 

Vitrea  kammoms 
"  inderUaia 

Zonitoides  minuscul4S 

Pyramidula  cronkkitei  avUkonyi 

Pyramidula  cronkkitei  antkonyi 
"          aUemata 

Helicodiscus  paraUeUus 

Helicodiscus  paraUdus 
Polygyra  kirsuta 
"       species 

Crustacea 

Cypris 
Ostiacod 

From  near  Bolton,  Hershey  reports  Pisidium  abditum? 


d.  lUinoian  Loess^* 

Loess  deposits  cover  much  of  the  Iliinoian  drift  sheet  especially  along  the 
banks  of  the  large  rivers,  such  as  the  Mississippi,  Rock,  Illinois,  Kaskaskia 
and  Wabash.  As  in  Iowa,  the  loess  includes  two  divisions,  an  earlier  (Iliinoian) 
and  a  later  (lowan).  Possibly  some  of  the  loess  adjoining  the  Wisconsin  till 
may  be  of  post- Wisconsin  age.  In  Adams  County ,^^  in  a  coal  boring  near  Coats- 
burg,  the  relation  of  the  loess  to  the  underlying  strata  is  well  shown. 


Soil  and  yellow  clay  (lowan  loess) 6 

Gray  or  ashy  clay  (Iliinoian  loess) 4 

Yellow  till,  becoming  blue  near  bottom  (Iliinoian  drift) 10-15 

Blue-gray  till  (Dlinoian) 70-75 

Black  soil  (Yarmouth) 2J^ 


feet 


i» 


ft 


>i 


»f 


*^  See  Ante  page  251  for  the  result  of  recent  studies  on  the  great  loess  deposits  of  the 
Mississii^i  valley. 

*'  Leverett,  Illinois  Glacial  Lobe,  p.  716. 
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Stratified  clay  (Yarmouth) 6     feet 

Tough  blue  clay  (Kansan) 20        " 

In  Pike  County  a  similar  division  of  the  loess  occurs  and  Worthen  reports 
the  mammoth  and  Caslaroides  from  marl-like  deposits,  associated  with  land  and 
fresh  water  sheUs.*  These  are  probably  referable  to  the  post-IUinoian  interval. 

It  is  not  always  an  easy  matter  to  discriminate  between  these  two  loesses 
in  the  matter  of  fossils  when  the  author  has  failed  to  indicate  the  character 
of  the  loess  from  which  they  came.  Udden"  lists  nine  species  from  Moline, 
Rock  Island  County,  which  are  probably  referable  to  the  Qlinoian  loess.  These 
are: 

Succinea  awtra  Fyramidula  cronkkitei  anthanyi 

"      lutecia^  Sphyradium  edentulum  aliicola 

"      99alis(»obli^ua)  PupiUa  muscarum 

Hdicina  ocaiUa  Bifidaria  pentodon 

^  Vallonia  pulchdla{ »  gracilicostat) 

From  Virginia,  Cass  County,  13  species  are  listed.^ 

Hdicina  orbiculaia  or  occulta  Polygyra  dausa 

Succineaobliqwa(^ovalis)  "      mtmodon  * 

Pyramidula  cronkkUei  afUhonyi(»slriatdla)     "     mtdUlincata 

"       altemata  "      pennsylvanica 

Oreokdix  iowensis  (dted  as  Hdix  slrigosa)     Galba  kumUis  modiceUa 
Cifdnaria  cancova 

AriatUa  exarala  {^ Epiphragmophora)  and  Bulinus  dealbalus  are  also  cited, 
but  these  species  belong  to  a  totally  different  part  of  the  United  States,  and 
are  doubtless  examples  of  erroneous  identifications.  Bulimus  dealbatus  may 
be  an  erroneous  name  for  Bulinus  or  Aplexa  hypnarum,  a  species  sometimes 
occiuring  in  the  loess. 

Loess  deposits  as  well  as  ancient  soils  occur  in  Vermilion  County.  The 
old  soils  are  believed  to  represent  the  Sangamon  interval.**  A  pre-Wisconsin 
loess  also  occurs  near  Danville  beneath  15  feet  of  Wisconsin  till.*^  It  has  been 
disturbed  by  the  Wisconsin  ice  and  in  many  places  has  been  incorporated  with 
the  upper  till.  Before  the  advent  of  the  later  ice  sheet,  the  deposit  probably 
included  both  post-Illinoian  and  post-Iowan  loess,  but  these  have  been  badly 
mixed  in  most  exposures  and  are  now  indistinguishable.  Five  small  gastro- 
pods, typical  of  the  loess,  were  collected;  wood  identified  as  white  cedar  {Thuja 

«  GeoL  Pike  County,  GcoL  HI.,  IV,  p.  36. 

•Leverett,  op,  cU.,  pp.  170-171. 

**  Smcinea  luieola  is  a  distinctly  southern  species  which  has  never  been  authentically 
reported  from  the  loess  or  from  any  deposits  so  far  north.  It  might  be  Succinea  ffosfenori 
which  is  a  characteristic  loess  fossil. 

*  Leverett,  Illinois  Glacial  Lobe,  p.  171. 

^  Leverett  and  Campbell,  Danville  Folio,  pp.  4-5. 

*^  Wegemann,  Univ.  HI.  Studies,  III,  no.  2. 
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ouidetUalis)  was  obtained  from  the  dd  soQ  material.  Fossfliferous  loess  occurs 
in  other  parts  of  the  Danville  region* 

HeUciMa  auuUa  occurs  in  fiallatin  County  with  other  moDusks.**  At 
Frecport,  Stqahmson  County,  Succinea  aaara  is  reported  from  the  loess.* 
Mollttfiks  have  also  been  reported  fnmi  the  loess  of  White,  HamflUm,  Hender- 
son, and  Mercer  counties. 

Loess  overlies  Sangamon  soil  in  Sangamon  County,  and  rests  directly  upon 
it,  except  in  a  few  cases  where  sand  sqparates  the  two  deposits.  It  is  fossili- 
ferous  in  many  places.  The  loess  in  this  county  doubtless  includes  both  the 
Sangamon  and  the  Peorian  intervals.    The  fossils  are  not  specifically  listed.'* 

Fossiliferous  silt  or  loess  covers  portions  of  Boone  and  Ogle  counties.  Lev- 
erett  says:'^  "at  the  Village  of  Stratford,  five  miles  east  of  Polo,  the  railway 
exposes  a  bed  of  fossiliferous  silt  at  the  base  of  the  lowan  drift,  resting  on  an 
old  land  surface  formed  on  the  Illinoian.  ...  In  two  other  localities  fossili* 
ferous  silts  have  been  found  at  the  base  of  the  lowan,  one  being  in  the  railway 
cuttings  on  the  I.C.  immediately  west  of  Irene  .  •  .  and  another  in  the  rail- 
way cutting  of  the  Chicago  and  Northwestern,  .  .  .  one  mile  east  of  Belve- 
dere. Here,  as  at  Stratford,  the  fossils  are  mainly  of  the  one  species  (Suuinea 
avara)."  These  deposits  should  probably  be  referred  to  the  post-Illinoian 
loess  or  Sangamon  interval. 

The  loess  (also  called  a  compact  silt)  extends  eastward  in  a  practically 
continuous  sheet  from  Illinob  over  southern  Indiana,  southern  Ohio  and 
neighboring  portions  of  Kentucky  and  West  Virginia  and  is  the  superficial 
deposit  as  far  north  as  the  border  of  the  Wisconsm  drift  sheet.  It  is  known 
to  underlie  the  Wisconsin  drift,  numerous  exposures  having  been  found  beneath 
that  drift.''  It  is  called  white  clay  in  the  early  Ohio  reports  and  slush  land 
in  the  Indiana  reports.  As  in  minimis,  this  loess  probably  includes  both  the 
Sangamon  and  the  Peorian  intervals  altho  all  have  been  referred  to  the  lowan 
age  by  Mr.  Lcverett. 

e.  Vertebrates 

Mammals  have  been  reported  from  various  deposits  of  Sangamon  age.  In 
Madison  County,"  above  the  City  of  Alton,  the  remains  of  a  mastodon  were 
found  30  feet  below  the  surface,  near  the  bottom  of  the  loess,  where  it  was 
separated  from  limestone  by  2-3  feet  of  local  drift  (Illinoian).  The  loess  above 
contained  land  and  fresh  water  shells.    A  mastodon  was  also  foimd  in  Peoria 

••Geol.ni.,  VI,  p.  213. 

**  Hershey,  Amer.  Joum.  ScL,  (iv),  IV,  p.  98. 

'*  Shaw  and  Savage,  Tallula-Springfield  Folio,  p.  & 

^  Leverett,  Illinois  Glacial  Lobe,  p.  138. 

"  Leverett,  Mon.  XLI,  p.  295. 

»  Worthen,  Geol.  111.,  I,  p.  315. 
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County  which  appears  to  be  referable  to  the  Sangamon.    A  well  section  near 
the  City  of  Peoria  presented  the  following  order  of  strata  :^^ 

1   Brown  praizie  clay  and  soil 12  feet 

2.  Coarse  gravel  and  sand  with  boulders  (Wisconsin) 35    " 

3.  Clay  and  sand,  forming  7-^  distinct  beds,  some  containing  coarse  gravel  and 
boulders  (Ulinoian) 48    " 

4.  Black,  mucky  soil,  with  limbs  of  trees,  etc.  (Yarmouth) 2    " 

5.  Boulder  clay  (Kansan) 8    " 


Height  of  section 105 


»» 


In  the  bluff  near  Peoria  a  mastodon  was  found  in  a  gravel  bed,  believed  to 
be  the  equivalent  of  number  2  in  the  above  section.  In  Washington  County 
(at  Beaucoup)'^  a  mastodon  is  reported  from  reddish  clay  below  yellow  clay, 
at  a  depth  of  about  18  feet  below  the  surface,  and  in  Marion  County  (at  Sando- 
val) a  mastodon  was  observed  in  the  same  stratum  at  12  feet  below  the  surface. 
In  Ogle  County'^  a  mastodon  tooth  was  secured  from  a  tributary  of  Stillman's 
Run  and  leg  bones  were  found  in  the  bank  of  Rock  River  at  a  depth  of  5  ifeet, 

15  feet  above  the  river. 

The  elephant  jaw  recorded  by  McAdams^  from  Calhoun  County  may  be 
referable  to  the  Sangamon.  It  was  from  drift  clay,  in  the  side  of  a  ravine.  A 
mammoth  tooth  from  Christian  Coimty,  found  in  a  sand  drift  near  the  South 
Fork  of  the  Sangamon  River,  may  be  referred  to  the  same  horizon.  In  Gallatin 
County  the  remains  of  the  mastodon  and  the  mammoth  have  been  found  in 
Sangamon  deposits.  At  'Half  Moon'  both  the  mammoth  and  mastodon  occur 
in  a  yellowish  clay  mixed  with  gravel,  which  underlies  a  salt  lick.  In  Shawnee- 
town  mastodon  teeth  were  found  embedded  in  a  shallow  deposit  of  bluish 
clay  resting  on  yellow  clay  and  gravel.^*  The  Castoroides  reported  by  LeConte 
from  a  well  near  Sfaawneetown,  40  feet  below  the  surface,  may  also  be  referable 
to  the  Sangamon  interval.^*  Two  records  from  Henry  County  are  thot  to  be- 
long to  the  Sangamon.    Near  Cambridge  a  part  of  a  tusk  was  found  in  a  well 

16  feet  below  the  surface  and  from  Penny's  Slough  a  tooth  was  secured.    This 
latter  may  belong  to  a  later  time,  however,  perhaps  post- Wisconsin. 

A  number  of  records  of  mammals  have  been  reported  from  Rock  Island 
County.*®  At  Milan  a  tusk  was  foimd  in  the  red  'ferretto'  zone;  at  Rock 
Island,  in  a  cut  thru  the  loess,  which  is  here  35  feet  thick,  a  tooth  and  a  piece 
of  a  leg  bone  of  an  elephant  were  found  at  a  depth  of  22  feet.    The  lower  part 

"OAa<.,V,p.  236. 

**  Foster,  Ftoc.  Amer.  A  A.  ScL,  X,  p.  161. 

«  Shaw,  Gcol.  HL,  V,  p.  110. 

'"  Trans.  St  Louis  Acad  Sci.,  X,  No.  3,  p.  LXXDC 

'*  Anderson,  Augustana  Library  Pub.,  No.  5,  pp.  10-11. 

'•  Proc.  PhU.  Acad.,  VI,  p.  53. 

'*  Anderson,  op,  cit.,  p.  17. 
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of  the  loess  is  slightly  peaty,  probably  representing  the  Sangamon  soil.  A  car- 
pal bone  was  found  in  the  same  clay.  A  tooth  foimd  in  Rural  Township  may 
have  been  derived  from  the  Sangamon  deposits. 

The  bones  of  several  mammals,  as  well  as  the  remains  of  other  animals, 
were  reported  by  Worthen^  from  a  point  between  Niantic,  Macon  County,  and 
Illiopolis,.  Sangamon  County.  Worthen  says:  ^'the  Niantic  mastod<m  was 
found  on  the  farm  of  W.  F.  Corell,  in  a  wet,  spongy  piece  of  ground  located  in 
a  swale  or  depression  of  the  surface  that  had  evidently  once  been  a  pond  and 
had  been  filled  up  by  the  wash  from  the  surrounding  highland  until  it  formed 
a  morass  or  quagmire  in  dry  weather.  The  bones  were  about  four  feet  below 
the  surface  and  partly  embedded  in  light  gray  quicksand  filled  with  fresh  water 
shells.  Above  this  quicksand  was  found  four  feet  of  black  peaty  soil,  so  soft 
that  a  fence  rail  could  easily  be  pushed  down  through  it.  The  quicksand  had 
evidently  once  formed  the  bottom  of  a  fresh  water  pond,  fed  probably  by 
springs,  and  was  the  resort  of  the  animals  whose  bones  were  found  here. "  The 
species  of  animals  found  in  this  deposit  are  listed  below : 

Mastodon  (Mammut  ameriamum) 
Elk  (Cervus  canadensis) 
Buffalo  {Bison  bison?) 
Deer  (Odocoileus  virginianus) 
Physa  {Physa  species) 
Flanorbis  (Planorbis  species) 
Cyclas  {Sphaerium  species) 

This  deposit  is  outside  of  the  Wisconsin  drift  and  rests  on  Illinoian  drift, 
hence  it  appears  referable  to  the  Sangamon  interval. 

A  tooth  of  Elephas  pritnigenius  was  found  in  an  excavation  at  the  Kewanee 
works  of  the  National  Tube  Co.,  at  Kewanee,  Henry  County.  It  was  found 
at  a  depth  of  12  feet  in  undisturbed  yellow  clay,  and  is  probably  referable  to 
the  Sangamon  interval  (specimen  in  Museum  of  Natural  History,  University 
of  Illinois). 

In  Adams  County,  especially  near  Quincy,  the  loess  is  30-40  feet  thick  and 
is  underlaid  by  a  foot  or  more  of  chocolate-colored  clay  containing  twigs  and 
other  vegetable  remains  (the  Sangamon  soil).  At  Alton,  Madison  County, 
and  Chester,  Randolph  County,  a  number  of  mammals  occur  in  deposits  refer- 
able to  the  Sangamon.    These  are  identified  by  Worthen  as  foDows:^ 

Mastodon  Bos  pHmigenius 

Mammoth  Castoroides  ofdoensis 

Megalonyx  Several  small  rodents 

Mollusks  are  said  to  have  been  found  with  the  mammals. 

«  Geol.  lU.,  V,  p.  308;  VIII,  p.  23;  Amcr.  Nat.,  V,  p.  607. 
••  Geol.  111.,  IV,  p.  46;  VIII,  p.  8. 
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The  mastodon  mentioned  by  Udden^  as  being  found  in  a  gravel  pit  (Adam 
Saal's)  between  Dead  Lake  and  the  river  channel,  a  mile  south  of  Pekin,  in 
sand,  under  gravel,  is  probably  referable  to  the  Sangamon  interval.  The 
overl^dng  gravel  is  said  to  be  of  Wisconsin  age. 

The  horse  appears  to  have  lived  during  the  Sangamon  interval  as  its  remains 
occur  in  strata  referable  to  this  horizon.^  The  maziUary  bone  with  a  few 
teeth  were  found  in  a  bog  on  the  confines  of  Bond  and  Fayette  counties.^ 
The  species  was  identified  as  Equus  complicalus.  Both  the  horse  and  the 
bison  (Bison  UUifrons)  have  been  reported^  from  Illinois,  the  former  from  Greene 
County  and  Alton,  Madison  County,  and  the  latter  from  near  Alton.  The 
horizon  from  which  these  specimens  came  is,  however,  indefinite.  Bison  laU- 
frons  '  has  also  been  reported  from  the  Kaskaskia  River,  Moultrie  County,  in 
dark  day  and  debris.  Details  are  not  given  but  the  deposit  is  possibly  Sanga- 
mon, beneath  Wisconsin  till.  Illinoian  drift  has  been  identified  beneath  160 
feet  of  Wisconsin  till  at  Barrington,  Lake  County  but  no  biotic  material  has 
been  recorded.*' 

3.  INDIANA 

a.  Old  Soils 

In  Indiana  deposits  referable  to  the  Sangamon  interval  have  been  recorded 
from  several  localities.  In  Delaware  County**  well  diggers  encoimter  a  layer 
of  vegetable  material  at  a  depth  of  about  40  feet,  composed  of  stumps  and 
trunks  of  trees,  twigs,  leaves,  and  vegetable  mold.  In  Boone  County*®  black 
muck  or  loam,  with  branches  of  trees  and  other  vegetable  matter  is  reported 
beneath  the  Wisconsin  drift.  In  Ripley  and  Decatur  counties*^  old  soils  have 
been  reported  which  should  probably  be  referred  to  the  Sangamon.  At  Sey- 
mour,*^ Jackson  County,  an  old  flood  plain  of  the  White  River  is  also  probably 
referable  to  this  stage.  The  great  majority  of  the  buried  soils  reported  in 
Indiana,  Illinois,  and  Ohio  appear  to  belong  to  the  Sangamon  interval.** 

At  the  edge  of  the  Illinoian  drift  in  Dearborn,  Ohio,  and  Switzerland 
counties  sevend  interesting  sections  have  been  exposed.*^    Well  sections  in 

•*  Bull.  506,  U.  S.  G.  S.,  p.  61. 
••  Hay,  Science,  N.  S.,  XXX,  p.  891. 

"Leidy,  Trans.  Wagner  Free  Inst  Sci.,  11,  p.  39;  Gidley,  Bull  Amer.  Mus.  N.  H., 
XIV,  p.  91. 

*•  McAdams,  Trans.  St.  Louis  Acad.  Sci.,  X,  p.  LXXX. 

»  Broadhead,  Amer.  Nat.,  IV,  pp.  61-62. 

^Leveiett,  III.  Glacial  Lobe,  p.  581. 

•*  Phinney,  Geol.  Ind.,  11th  An.  Rep.,  p.  130. 

**  Gorby,  op,  cU.,  15th  An.  Rep.,  pp»  167-173. 

"  Blatchley,  op.  cU.,  29th  An.  Rep.,  pp.  431, 432. 

"  Leverett,  Mon.  XLI,  p.  263. 

"  Leverett,  op,  cit,,  p.  293. 

**  Warder,  Geol.  Surv.  Ind.,  3-4  An.  Rep.,  p.  404. 
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Ohio  and  Switzerland  counties  show  the  following  strata:  (I,  NW  ]/i  Sect. 
6,  T.  3,  R.  2  W. ;  II,  Sect.  4,  T.  5  R.  12  E.) 

I 

Soil  and  day 22      feet 

Yellow  sand,  quite  hard  or  cemented 9        " 

Blue  day,  quite  hard,  without  pebbles 1J<    " 

Rotten  leaves,  twigs,  blade  soil,  wood,  and  thidc  bark IH    " 

Coarse  sand,  gravel  and  shelly  stone 9       " 

Hard  blue  limestone 1        " 


Height  of  section 44     feet 

II 

Soil  and  day,  more  whitish  at  lower  part 22  feet 

Blue  mud,  resembling  recent  alluvium 6    " 

Black  soil  containing  leaves,  cedar  wood  and  ochreous  partldes 3    *' 

Small  stones  packed  together  like  a  macadamized  road 1    " 


Height  of  section 32  feet 

The  old  soil  and  wood  are  evidently  referable  to  the  Sangamon  interval. 

At  Lawrenceburg,  Dearborn  County,  organic  remains  occur  which  are  to 
be  referred  to  the  Sangamon  interval.  A  section  of  the  river  bank  presents 
the  strata  as  shown  below  :*^ 

1.  SoU i-2     feet 

2.  Clay 6 

3.  Sand,  clay,  gravd,  loam 30 

4.  Ochreous  sand  (containing  land  shells) IH 

5.  Carbonaceous  clay  containing  old  forest  bed  and  andent  soil 7 

6.  Ochreous  sand 1}^ 

7.  Clean  gravel 6 

Low  water x 


,  Hei^t  of  section ^     feet 

The  forest  bed  contains  six  species  of  plants. 

PUUanus  occidentalis  Aesculus  glabra 

Fagus  ferruginea  Juniperus  vtginianus 

Carya  aiba  Eckinocystis  lobala?  (seed  only) 

A  rich  fauna  of  land  mollusks  occurs  above  the  forest  bed  in  the  ochreous 
deposit;  29  species  being  listed  by  Billups.^    The  shells  were  first  seen  in 

••  Orton,  Geol.  Ohio,  I,  p.  428. 
••  Nautilus,  XVI,  p.  51. 
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drift  along  the  river  shore  of  the  Ohio  and  the  Miami.    Later  these  were 
traced  to  their  source  in  the  geological  deposit. 

Vallonia  pulc/tella.    Traces  only. 

Pdygyra  tridentata.    More  elevated  and  more  deeply  striated  than  recent  form. 

tridentakiy  var.    Mouth  much  depressed;  deeply  striated. 

infiecta 

^ofunda 

albolahris.    Scarce 

exoUta  i^zalela) 

muUUineaUL,    Not  found  alive  within  20  miles  of  Lawrenceburg. 

paJliata 

appressa 

devata 

pennsylvanica.    Rare  alive  in  vicinity. 

tkyroides 

mitchdliana.    Rare  alive. 

stenotrema 

manodon.    Very  rare. 
PupMes  marginaius 
Bifidaria  coniracta 
"        armifera 
Cochlicopa  lubrica 
Circinaria  concava 
VUrea  hammonis 
Gastfodonta  Ugera 
Pyramidida  aUemata 
"        sditarui 

"        cronkkiiei  anthanyti^slriateUa).    Rare. 
"        perspecHva.    Rare. 
Hdicodiscus  paraUdus,    Rare. 

Succinea  species.    Nothing  as  large  found  in  the  vicinity. 
Pomatiopsis  la^idaria.    Never  found  alive  near  Lawrencebuig. 

'  Forest  beds  are  also  found  at  Hickman's  Landing,  Switzerland  County, 
two  miles  above  Florence.  This  bed  of  blue  clay,  which  contains  leaves  and 
wood  and  is  4J^  feet  thick,  may  be  traced  in  the  river  bank  without  interrup- 
tion for  20  rods.  Ochreous  deposits  occur  above  and  below  this  deposit,  as  at 
Lawrenceburg.'^  Leverett**  believes  that  the  old  soil  at  Lawrenceburg  is  of 
Sangamon  age  and  overlies  Illinoian  drift,  the  upper  deposits,  often  aggregat- 
ing 85  feet  in  thickness,  being  referable  to  Wisconsin  age. 

In  Gibson  County  Sangamon  soil  is  frequently  noted  beneath  loess  de- 
posits and  above  Illinoian  till.  A  section,  situated  four  miles  west  of  Wades- 
ville,*  indicates  the  position  of  this  soil. 

•'  Warder,  Geol.  Surv.  Ind.,  3-4  An.  Rep.,  p.  408. 

••  Mon.  XLI,  p.  267. 

**  Fuller  and  Clapp,  Patoka  Folio,  p.  4. 
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Marly  soil 3  feet 

Clay  (mari  loess) 30    " 

Rich  soil,  logs,  etc.  (Sangamon) 3    " 

Blue  mud  and  gravel 10    " 

Quicksand  (stratified  drift) 1+" 

Several  exposures  in  northern  Indiana  indicate  the  presence  of  old  soils  and 
peat  beds  beneath  the  Wisconsin  tilL  In  Boone  County,  near  Jamestown, 
a  well  section  gave  the  strata  noted  below  :^®^ 

1.  Soil  and  yellow  day  mixed  with  sand 12  feet 

2.  Yellow  sand 2    " 

3.  Hardgravd 4    " 

4.  Haidpan  and  gravel 4    " 

5.  White  sand 6    " 

6.  Sand  and  clay,  bluish. 18 

7.  Black  muck  or  loam,  with  branches  of  trees  and  other  vegetable  matter 12 

8.  Blue  clay 4 

9.  Gray  sand,  gravel,  etc 26 


If 


The  stratum  number  7  is  probably  of  Sangamon  age. 
An  excavation  in  Main  Street,  Lebanon,  exposed  moUusks  beneath  clay,  as 
noted  below:"* 

Soil 2  feet 

Clay : 12    " 

Sand  with  large  number  of  shells  said  to  be  fresh  water. z    " 

Gravel x    " 

If  the  14  feet  is  ^sconsin  drift,  the  thinness  is  very  unusiial.  It  may  possi- 
bly be  postglacial.  Several  other  records  of  pre-Wisconsin  soil  in  Boone 
County  are  known,  indicating  the  deposits  to  be  widespread. 

Ancient  stream  channds  near  Richmond:  ''The  cut  through  this  formation 
for  the  passage  of  the  national  road,  exposes  the  beds  of  no  less  than  three  small 
streams,  which  appear  to  have  run  parallel  with  the  present  one,  and  are  now 
covered  by  a  thick  deposit  of  diluvium.  The  section  of  the  largest  one,  which 
is  on  the  west  side  of  the  river  (Whitewater),  presents  the  following  appear- 
ance on  the  north  side  of  the  road. 

''The  bed  of  this. ancient  stream  is  about  400  feet  from  the  escarpment  of 
the  present  river,  whose  waters  flow  nearly  12  fathoms  below,  in  perpendicular 
measurement.  The  silt  is  6  feet  deep,  and  consists  of  a  dark  bluish  earth, 
strongly  contrasting  with  the  yellowish  diluvial  day  above  it.  This  silt  con- 
tains no  bowlders,  but  pockets  of  coarse  sand  and  pebbles  of  various  sizes 
are  found  in  it.  The  diluvium  which  fills  up  the  remainder  of  the  channel  is 
about  10  feet  thick  immediately  over  the  silt,  and  is  the  same  that  forms  the 

>**  Gorby  and  Lee,  Geol.  Surv.  Ind.,  15th  An.  Rep.,  p.  167. 
»"  Op.  cU.,  p.  167. 
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general  surface  of  the  country;  bowlders,  however,  are  much  more  numerous 
in  the  course  of  the  obliterated  stream  than  in  any  other  part  of  the  diluvium 
exposed  to  view  by  the  cut  for  the  road. 

''In  the  silt,  removed  for  the  passage  of  the  national  road,  sticks  and  other 
vegetable  matter  were  found;  and  in  portions  of  this  fluviatile  deposit  which 
I  have  examined,  I  have  detected  at  various  times,  small  soggy  pieces  of  wood, 
such  as  we  find  at  the  bottom  of  existing  waters;  also  fragments  of  the  ribs  of 
leaves  and  their  nervous  ramifications,  and  a  weU  characterized  piece  of  pine.  "^^ 
TNo  shells  were  found. 

Wood  has  been  found  at  Springboro,  44  miles  west  of  Richmond,  Wayne 
County,  at  a  depth  of  14  feet.  Wood  with  marks  of  the  teeth  of  the  giant 
beaver  (Casioroides)  was  also  found  near  Richmond.  Some  of  the  wood  was 
thot  to  be  pine;  other  fragments  resembled  Flatanus  occidentalism  Wood  was 
also  foimd  in  Madison  County,  at  a  depth  of  27  feet;  it  was  thot  to  be  elm. 

Leverett^®**  records  interglacial  deposits  in  Putnam  and  Owen  counties,  but 
remarks  that  he  is  hardly  prepared  to  express  an  opinion  as  to  the  age  of  the 
buried  soils  in  southern  Indiana.  The  Sangamon  appears  to  be  represented 
in  Putnam  County,  a  ravine  exhibiting  the  following  section  {op.  cit.,  p.  63) : 

Surface  silt  or  day,  white,  pebbldess;  apparently  a  correlation  of  the  main  loess  de- 
posit of  the  Mississippi  basin 4-<5  feet 

SoO,  black,  gummy,  or  gumbo,  with  quarts  pebbles,  representing  iqiparently 

the  Sangamon  Interglacial  soil 1-3    " 

Till,  brown,  generally  with  deeply  weathered  surface,  apparently  of  Qlinoian  age. ...  3-15    " 

Gumbo,  black,  changing  to  blue  or  gray  bdow;  generally  containing  a  few  pebbles..  1^ 

Till,  brown,  extending  to  bottom  of  ravine,  in  places  changing  to  blue;  exposed 5-10 

'' Twenty  feet  or  more  of  the  black  mucky  material  is  reported  beneath  the 
upper  sheet  of  till  in  certain  weUs  in  the  region,  but  no  exposure  exceeding  8 
feet  was  found  in  ravines. " 

''In  La  Grange  County,  a  well  about  four  miles  south  of  La  Grange,  on  the 
farm  of  Dr.  Drake,  is  reported  to  have  penetrated  a  buried  soil.  The  records 
of  the  borings  are  as  follows  "  (op.  cU,y  p.  145) : 

Record  of  Prospect  Boring  at  La  Grange  Jail 

Till,  yeUow 15  feet 

Till,  blue,  with  thin  beds  of  sand 50  " 

Mould  or  soil,  brown  (Sangamon?) 4  " 

Gravel,  cemented. 5  " 

Gravel,  loose,  with  water 8  " 

TiU,  blue  (lUinoian?) 45  " 

Gravel,  cemented. 8  " 

Sand  and  gravel,^  dry,  or  sandy  till 70  " 


ft 


Total  depth 205  feet 


iM  Plummer,  Amer.  Joum.  ScL,  (i),  XLIV,  pp.  286-287. 
^^"^  Hon.  TJTT,  U.  S^  Gec^  Surv.,  pp.  64-71,  and  elsewhere. 
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Record  of  Drake  Wdl  near  La  Grange 

Till,  sandy,  yellow 10  feet 

Till,  blue 41 

Gravel,  with  inflammable  gas 3 

Clay,  blue  (tiU?) 46 

Muck,  black,  with  leaves  and  gas 6 

Clay,  soft,  blue;  no  pebbles  noted 24 

Sand,  water-bearing,  coane  near  bottom 10 


Total  depth -...    140  feet  ^ 

Of  the  buried  soils  of  Indiana,  Leverett  says,  (p.  64)  ''The  buried  muck 
beds  are  perhaps  as  conspicuous  in  these  flat  areas  among  the  hills  of  central 
Indiana  as  are  those  found  between  the  Illinoian  and  Kansan  drift  sheets  of 
southeastern  Iowa,  but  they  are  not  underlain  by  the  highly  weathered  and 
oxidized  tiU  sheet  that  characterizes  the  upper  part  of  the  Kansan  drift  in 
Iowa.  The  results  of  the  study,  therefore,  leave  the  occurrence  of  a  long  inter- 
val of  deglaciation  in  doubt. " 

b.  Loess 

Loess  deposits  extend  up  the  Wabash  and  Ohio  valleys  for  many  miles 
and  cover,  also,  much  of  the  intervening  territory  in  southwestern  Indiana. 
Near  the  rivers  a  type  of  loess  known  as  mart-loess  occurs  which  is  usually  very 
fossiliferous.  The  thickness  above  the  Illinoian  till  or  indigenous  rock  varies 
from  10  to  30  or  40  feet.  This  deposit  is  said  to  be  of  aqueous  origin,^^  but 
the  fossil  species  represented  do  not  bear  out  such  an  origin.  There  is  no 
apparent  reason  for  ascribing  the  deposits  in  which  the  land  shells  were  found 
to  agencies  other  than  aeolian. 

Organic  remains  are  reported  as  follows:*** 

Pike  County,  1)^  miles  northwest  of  Petersburg. 

Zomioides  arborea  Succinea  lineata  ( »  grosvenori) 

Polygyra  monodon  Galba  humilis  modiceUa 

"      muUUineaia  (reported  as  Succinea  kumilis) 

Gibson  County,  Hazelton,  opposite  the  railroad  station. 

Zonitoides  arborea  Pdygyra  albolabris 

Bifidaria  armifera  Succinea  Hnea$a  {» grosvenori) 

Fyramidula  altemata  Hdicina  occuUa 
Polygyra  kirsuia 

Shells  were  also  found  at  Patoka,  Posey  County,  1^^  miles  east  of  New 
Harmony. 

Euconulus  fulvus  Vallonia  cydopkorelia 

Bifidaria  armifera  Succinea  Imeata  ('^grosvenori) 

Vertigo  tridentata  Pomatiopsis  lapidaria 

iM  Fuller  and  Clapp,  Bull.  Geol.  Soc.  Amer.,  XIV,  pp.  166-168,  et  seq;  see  also  Shaw 
Science,  N.  S.,  XLI,  pp.  104-108, 1915. 
»••  Op.  di,,  pp.  161-162. 
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Posey  County,  %  mUe  south  of  New  Harmony. 


ZoniUndes  arborea 
Euconulus  fulvus 
Strcbilops  labyritUkka 
Polygyra  kirstda 


Polygyra  eUvaia 
"       tkyroides 


Poly%yra  moncdon 
Succinea  lineaia  {^grosvmari) 
Hdicina  occulta 
Fomaliopsis  lapidaria 

One  mile  southeast  of  Kilroy. 

Circinaria  concaia 

Succinea  lineata  {^ grosvenori) 

Tliree-fourths  mile  southwest  of  Stewartsville. 

Zanitoides  arborea  Pclygyra  kirstUa 
Eucoftulus  fulvus  **       tkyroides 

Strobihps  IdbyHtUhica  Succinea  lineata  (= grosvenari) 

Hdicodiscus  lineaiu5(» paraUeUts)  Gaiha  humilis  modicdla 

Other  localities  in  Posey  County  are,  2  miles  north  of  Grafton  and  1  mile 
southwest  of  Poseyville.  One  mile  west  of  Mounts,  Gibson  County,  a  deposit 
occurs  which  must  have  been  formed  in  water  as  the  shells  are  all  aquatic. 
This  was  probably  a  pond  or  stream  which  later  was  partly  drained  and  finally 
filled  with  loess.    Six  species  have  been  identified,  as  noted  below: 


GaUfa  humilis  modicelld 
Planorbis  parvus 

bicarinattts  I'^antrosus) 


ft 


Valvata  tricarinata 
Pisidiutn  variabile 

compressum 


»» 


Near  Mt.  Carmel  and  Keensburg,  in  Wabash  County,  Illinois,  loess  fossUs 
were  also  found.  From  two  of  the  best  known  Indiana  localities,  New  Har-' 
mony  and  Grand  Chain,  Daniels  collected  26  species.  The  loess  is  here  cov- 
ered with  two  feet  of  soil;  the  shells  occur  from  6  to  15  feet  below  the  surface, 
being  more  plentiful  from  the  middle  to  the  bottom  of  the  deposit  Polygyra 
monodon  is  abundant  in  the  loess,  but  no  living  specimens  occur  here  or  else- 
where in  the  state  except  on  the  marshes  bordering  several  of  the  lakes  in  the 
northern  part  of  the  state,  where  it  is  abundant.**  The  species  noted  by 
Daniels  are  listed  below.** 


z  Hdicina  occulta 

VaUonia  pulcheUa 

Polygyra  multilineata 
X         "       kirsuta 
X         "       monodon 
X         "      fralema 

Slrobilops  labyrintkica 
"     affinis 

Pupoides  marginatus 

Bifidaria  armifera 

'••  DanieU,  Nautilus,  XDC,  p.  62. 

'**  Op,  cit.,  p.  63;  z  indicates  abundant. 


Vitrea  hammonis 
"    wkeatleyi 
Euconulus  fultfus 
Zonitoides  nitida 

"       arborea 
Gastrodonta  ligera 
Pyramidula  altemata 
perspectiva 
cronkkitei  antkonyi 
Hdicodiscus  parelldus 
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Bifidaria  cotUracta  Succinea  rttusa 

CifcinaHa  concava  "      avara 

Ompfudina  inanuUa  x  PomaUopsis  lapidaria 

It  will  be  noted  that  the  list  of  Fuller  and  Clapp  includes  a  number  of  species 
of  land  shells  not  recorded  by  Daniels.    These  are : 

Succinea  lineata  (^ grosvenori)  Vertigo  tridmkUa 

,  Pdygyra  aibolabris  VaUonia  cyclopkoreUa 

"       devata  Galba  kumilis  modicelta 
"       thyroides 

Succinea  lineata  is  considered  a  synonym  of  S,  grosvenori  (vide  Pilsbry> 
Proc.  Phil.  Acad.,  1906,  page  161).  Grosvenori  is  not  given  in  Daniels  list,  nor 
is  it  quoted  in  any  list  of  Illinois  or  Indiana  fossils.  It  is  a  common  loess  fossil 
in  Iowa  and  there  is  no  reason  why  it  should  not  occur  in  the  same  deposits  in 
Illinois  and  Indiana.  Its  occlurrence  is  paralleled  by  the  presence  of  Oreohdix 
iowensiSj  Pyramidula  shimekii  and  Sphyradium  edenltdum  alticolay  species 
which  are  now  found  living  westward  in  a  drier  climate. 

The  list  published  by  Cox,  which  follows,  also  contains  species  not  listed  by 
either  of  the  previously  mentioned  authors.  It  is  possible  that  in  the  older  list 
there  may  be  some  errors  of  identification.  Cox  lists  18  species  from  New 
Harmony,  5  of  which  do  not  occur  in  Daniels  lits.^^  These  are  marked  with 
an  X. 

Cifcinaria  concava  Polygyra  hirstUa 

Zoniioides  arborea  "       monodon 

X  VUrea  indentata  "      fraiema 

Pyramidula  perspectiva  VaUonia  pulckeUa 

Hdicodiscus  paraUdusi^lineatus)  Succinea  aiara 

Bifidaria  armifera  x          "      elongaia 

X  LeucockUa  faUax  Pomatiopsis  lapidaria 

StrobUops  labyrinlkica  Helicina  occulta 

X  Punctum  pygmaeum  x  Valiaia  tricarinata 

The  last  species  is  doubtful,  as  it  is  not  found  in  true  loess.  The  Succinea 
dongata  in  the  above  list,  as  well  as  in  the  following  list,  is  probably  Say's 
Physa  elongala(^Aplexa  hypnorum)  as  there  is  no  Succinea  elongaia  in  America. 

In  Sullivan  County,  along  the  Wabash  River  and  Busseron  Creek,  a  fossili- 
ferous  loess  occurs  overlying  lUinoian  drift.  The  following  species  have  been 
identified.i^^ 

Circinaria  concava  Helicina  occulta 

Polygyra  fraterna  Succinea  ehngata? 

"       monodon  "      species 

"        kirsuta  Bifidaria  armifera 

StrobUops  labyrintkica  Pomatiopsis  lapidaria 

PyramidiAa  perspectiva  Hdix  minuta  (»  VaUonia  pulchdla) 

»"  Gcol.  Surv.  Ind.,  8,  9, 10  An.  Rep.,  pp.  119-120;  6th  An.  Rep.,  p.  7. 
"•  Collett,  op,  cit.,  2nd  Rep.,  pp.  226-227. 
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These  deposits  include  two  loesses,  an  upper  light  yellow  loess,  and  a  lower, 
darker  loess.  The  first  is  post-Iowan  (Peorian)  while  the  second  is  post- 
Illinoian  (Sangamon).  Shimek^^  refers  the  lower  loess  to  the  post-Kansan 
interval,  but  as  it  lies  oa  the  Illinoian  drift  it  is  later  than  the  post-Kansan  in- 
terval (Yarmouth),  and  must  be  considered  as  of  Sangamon  age.  The  lower 
loess  is  exceedingly  fossiliferous,  the  upper  much  less  so,  in  fact,  containing 
but  few  examples.  On  the  Kentucky  side  of  the  River,  near  Henderson,  the 
marl-loess  contains  several  species  of  helices,  Bifidaria  armifera,  Succinea,  and 
Pomatiopsis  {Cyclostoma)?^^ 

Deposits  of  mussel  shells  have  been  exposed  in  the  bank  of  the  Ohio  River 
near  Florence,  Switzerland  County.  These  are  from  3  to  10  feet  below  the 
surface.  The  shell  beds  are  said  to  have  been  deposited  by  Man,  but  this 
statement  it  would  seem,  i^  open  to  grave  question.  They  are  probably  natural 
deposits,  belonging  to  the  Sangamon  or  to  a  later  period."*  In  the  river  bank 
opposite  Florence  the  shell  bed  is  32  inches  beneath  the  surface.  Other  de- 
posits also  occur."^ 

c.  Mammalian  Fauna 

Mammals  referable  to  Sangamon  age  are  present  in  Indiana  deposits. 
Mastodon  remains  were  exhumed  some  years  ago  at  Wm.  Cordery's  sand  bank, 
300  feet  west  of  the  Madison  and  ^ndianapolis  Railroad,  12  feet  below  the  sur- 
face, in  a  sand  and  gravel  deposit.*"  In  Martin  County  both  the  mastodon 
and  the  mammoth  are  reported  from  marsh  clay,  resting  on  drift."*  In  Dear- 
born, Ohio,  and  Switzerland  counties,  in  various  deposits  overlying  Illinoian 
drift,  the  remains  of  the  mammoth  and  the  mastodon  have  been  observed. 
Many  of  these  deposits  are  in  the  river  bank.  Mastodon  remains  have  been 
recorded  from  various  deposits,  many  of  which  are  probably  referable  to  the 
Sangamon  interval.    These  are  Usted  below  : 

Clarke  County;  near  Charleston  Landing,  Ohio  River,  above  Louisville, 
Ky.,  in  sand  bank.*" 

Dearborn  County;  five  miles  west  southwest  from  Aurora,  on  blue  clay, 
8-9  feet  below  the  surface.*" 

DuBois  County;  near  mouth  of  Wolf  Creek,  at  "Rock  House,"  ford  of  the 
White  River.**7    East  branch  of  White  River.**» 

"» Joum.  Geo!.,  XIII,  No.  3,  p.  232. 

"•  Leidy,  Smith.  Contr.  KnowL,  VII,  Art.  V,  pp.  7-8. 

"» Geol.  Surv.  Ind.,  3rd  and  4th  An.  Rep.,  pp.  408-409. 

«"  Op.  cU.,  p.  414. 

"•  Borden,  Geol.  Surv.  Ind.,  6th  An.  Rep.,  p.  141. 

"*  Cox,  op.  cit.,  2nd  An.  Rep.,  p.  103. 

*»  Borden,  Geol.  Surv.  Ind.,  5th  An.  Rep.,  p.  176;  Hay,  36th  An.  Rep.,  p.  700. 

'"Hay,  oj^.  ct/.,  p.  701. 

"'  CoUett,  op,  cU.,  4th  An.  Rep.,  p.  214. 

"•  Hay,  36th  An.  Rep.,  p.  703. 
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Gibson  County;  Princeton,  in  excavation  for  sewer  in  west  Chestnut  Street, 
at  depth  of  6  feet."* 

Jackson  Coxmty ;  in  bank  of  Judah  Creek,  a  branch  of  Mill  Creek.'*' 

Martin  County ;  near  Shoals,  brot  up  on  a  fishing  line.^ 

Switzerland  County;  in  gravel  bank  at  mouth  of  Grant's  Creek;  river  bank 
near  Patriot;  river  bottom,  five  miles  below  Vevay;  Laughery  Creek,  above 
Hartford;  Rising  Sun,  on  river  bank.  The  exact  age  of  these  remains,  consist- 
ing of  teeth  and  tusks,  is  in  question.^  Some  of  them  are  probably  of  Sanga- 
mon age. 

Franklin  County;  near  Brookville,  at  three  localities;  a  mile  below  Brook- 
ville;  three  and  a  half  miles  from  the  town,  in  gravel  in  the  upper  terrace, 
8-9  feet  below  the  surface;  three  and  a  half  miles  northwest  of  Brookville,  in 
a  piece  of  marshy  ground  which  had  been  ditched.^^  The  last  reference  ma^ 
belong  to  post-Wisconsin  time,  but  the  first  two  were  found  in  gravel  which 
antedates  the  Wisconsin  stage.^*^ 

Elephas  cdumbi  and  E.  primigenius  are  both  known  to  have  lived  in  Indiana 
but  the  horizon  of  most  of  the  ''finds"  is  doubtful.  The  following  may  have 
been  from  Sangamon  strata: 

EUphas  primigenius.  One  and  a  half  miles  below  Vevay,  Switzerland  Coun- 
ty, on  shore  of  Ohio  River.** 

Elephas  cdumbi.  Fifteen  miles  west  of  Brookville,  Franklin  County,  in  a 
gravelly  bank  of  Salt  Creek  (Butt's  Fork).***  In  Vigo  County,  near  Terre 
Haute,  on  a  farm,  a  lower  molar  tooth  was  found  at  a  depth  of  18  feet.*^  As 
Terre  Haute  lies  near  the  edge  of  the  Wisconsin  drift  sheet,  which  is  here  under- 
laid by  Illinoian  drift,  the  inference  is  that  at  this  depth  (18  feet)  the  deposit 
would  cover  the  Illinoian  drift,  and  the  tooth  would  be  of  Sangamon  age. 

The  remains  of  elephants,  the  species  of  which  are  not  indicated,  have  been 
found  in  strata  possibly  referable  to  the  Sangamon  interval.  Many  years 
ago  Plummer  reported  a  tusk  from  near  Brookville,  dug  from  the  Whitewater 
canal  at  a  depth  of  15  feet,  the  deposit  being  gravel.^*^  The  manunoth  has 
been  reported  from  Martin  County***  (near  Shoals)  but  these  remains  cannot 
be  referred  to  any  definite  horizon. 

"•Hay,  (?^.  ci^.,  p.  705. 
*'•  Cox,  op.  ctt.j  6th  An.  Rep.,  p.  59. 
»"  Hay,  op.  cU.,  36th  An.  Rep.,.p.  709. 
»  Hay,  op.  cit.,  p.  714. 

«  Raymond,  Gtol.  Surv.  Ind.,  1st  An.  Rep.,  1869. 
»**  Hay,  op.  cit.y  36th  An.  Rep.,  p.  704. 
»»  Hay,  op.  ciL,  p.  733. 

^Haymond,  Amer.  Journ.  Sci.,  (i),  XLVI,  pp.  294-2%;  Hay,  op.  ciL,  p.  742.     First 
dtied  as  tooth  of  Megatherium. 
M»  Hay,  op.  cU.,  p.  746. 
>*•  Amer.  Joum.  Sci.,  (i),  XLIV,  p.  302. 
"*  Cox,  Geol.  Surv.  Ind.,  2nd  An.  Rep.,  p.  103;  Hay,  op.  cU.,  36th  Rep.,  p.  748. 
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The  tapir  (Tapirus  kaysii)  is  recorded  by  Cope"**  from  near  Richmond, 
Wayne  Comity,  but  the  record  has  not  been  subsequently  substantiated."* 
Bison  anUquus^  has  been  recorded  from  near  Vincennes,  Knox  County.  A 
skull  was  foimd  in  a  ditch  at  a  depth  of  6  feet.  This  is  believed  by  Hay  to 
belong  to  pre-Wisconsin  time  and  it  may  be  referred  to  the  Sangamon  interval 
with  a  considerable  degree  of  certainty. 

In  Bartholomew  County  mammal  remains  are  reported  as  follows,  possibly 
from  Sangamon  deposits.'^ 

Species  Locality 

MamimU  americanum.  Sand  bar  in  White  River,  one  mile  east  of  Waiesboro. 

Eiepkas  pHmigenius,  In  gravel  pit  one-half  mile  south  of  Waiesboro,  under 

7  feet  of  soil  and  gravel. 
Akes  americanus.  In  White  River,  one  mile  east  of  Waiesboro. 

OdacoUeus  tirginianus.  Wayne  Township. 

In  a  limestone  cave  in  Rock  ClifiF  Quarry,  just  northwest  of  Williams,  in 
Lawrence  County,  the  remains  of  several  animals  were  f oimd  in  a  stalagmitic 
deposit  20-30  feet  below  the  level  of  the  ground.  Hay^'^  remarks  that  the  age 
of  the  deposit  cannot  be  determined  but  that  the  animals  probably  lived  before 
the  oncoming  of  the  \^sconsin  ice.  It  seems  quite  proper  to  refer  this  material 
to  the  Sangamon  interval.    Three  species  are  represented,  as  noted  below: 

Terrapane  Carolina,    Shell. 
Tayassu  lenis.    Jaws  and  teeth. 
Platygonus  vetus.    Molar. 

4.  OHIO 

a.  Old  Soils 

The  Sangamon  interval  has  been  identified  from  Ohio  by  Leverett  and  the 
records  of  some  of  the  old  soils  and  forest  beds  published  by  Ohio  geologists 
should  doubtless  be  referred  to  the  same  horizon.  In  Fairfield  County"*  this 
soil  occurs  at  Clearport,  between  the  surface  soil  and  Illinoian  drift,  and  at 
Lancaster,  between  the  Wisconsin  and  Illinoian  tills.  From  German  Town- 
ship, Montgomery  County,  Dachnowski^  reports  a  Sangamon  peat  bed 
beneath  80-100  feet  of  stratified  clay  and  gravel  (Wisconsin).  This  bed  is  exr 
posed  in  the  channel  of  Twin  Creek,  a  tributary  of  the  Miami  River.  The 
peat  is  from  1  to  4  feet  in  depth  and  the  upper  layers  contain  sphagnum  mosses. 

»•  Joum.  Phfl.  Acad.,  XI,  p.  253. 

"» Hay,  Geol.  Surv.  Ind.,  36th  Rep.,  p.  591. 

"*  Middle  ton  and  Moore,  Proc.  Ind.  Acad.  ScL,  1899,  pp.  178-181;  Hay,  op,  cit.,  p.  651. 

"» Edwards,  Proc.  Ind.  Acad.  Sci.,  1901,  pp.  247-248, 1902. 

"•  Iowa  Geol.  Surv.,  XXIII,  pp.  553,  596,  605. 

»*  Leverett,  Mon.  XLI,  p.  269. 

"» Bull.  16,  Geol.  Surv.  Ohio,  p.  103. 
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The  lower  layers  contain  woody  fibers.  The  peat  rests  on  a  bed  of  fine  sand 
several  feet  in  thickness,  which  in  turn  is  underlaid  by  clay  and  gravel.  The 
sand  often  contains  trunks,  roots,  and  branches  of  trees  and  also  berries  of 
cedar  (Juniperus  virginianus).  The  wood  is  partly  coniferous,but  ash,  hickofy» 
sycamore,  beech,  and  wild  grape  abo  occur.  The  tusks  of  the  mastodon  wene 
also  foimd.  The  peat  bed  is  said  to  be  of  wide  extent.  In  Columbus  County, 
near  Matville,^  a  section  show3  the  Sangamon  soil  underlaid  by  Illinoian 
drift.  The  section  is  in  the  east  bluff  of  Big  Darby  Creek  and  the  succession  of 
strata  is  as  noted  below : 

4.  Weathered  till  and  present  dark  soil  grading  into  the  next  (Wisconsin) 5-4  feet 

3.  Fresh,  loose,  stony  yeUow  clay  till,  with  sharp  contact  between  it  and  no.  2 

(Wisconsin) 12-5    " 

2.  Much  weathered,  dark,  compact  soil-like  material  gradually  passing  into  the 

next  below  (Sangamon) 2-4    " 

1.  Characteristic  dense,  blue  old  drift  (Illinoian) 50  feet 

A  similar  section  is  published  by  Hubbard  ^  from  Springwater  Run,  near 
Harrisburg,  the  old  soil  being  overlaid  by  30  feet  of  Wisconsin  till.  In  Hocking 
County  Sangamon  soils  with  forest  remains  are  frequently  encountered.  Near 
Palmyra  and  Springfield  old  soils  with  limbs  of  trees,  sticks,  leaves,  etc.  are 
recorded  at  depths  of  16, 18, 20,  24,  26, 30  40,  and  45  feet  beneath  the  surface. 
Every  well  dug  encounters  this  deposit.^ 

An  earlier  till  sheet  with  overlying  interglacial  deposits  has  been  recognized 
in  northern  Ohio.  Carney"*  distinguished  an  earlier,  bluish  day  under  a 
yellow  clay  near  Cleveland,  and  Scudder**®  has  identified  four  species  of  beetles 
from  clay  beds  believed  to  be  interglacial,  which  occur  near  Cleveland.  The 
deposits  are  similar  to  those  at  Scarboro,  Canada.    The  four  species  are: 

Hydrochus  amicius  PterosUchus  dormitans 

Hdopkorus  Hgescens  Bembidium  fragmentum 

Wright"*  has  described  a  deposit  at  Amboy,  Ashtabula  County,  which  may 
be  referable  to  the  same  horizon  from  which  the  insects  mentioned  above  were 
obtained.  Many  logs  were  noted,  lying  side  by  side,  covered  by  30  feet  of 
gravel,  in  which  was  found  a  tooth  and  a  tusk  of  the  mammoth.  The  log 
deposit  is  140  feet  above  Lake  Erie. 

«  BuH.  14,  Geol.  Surv.  Ohio,  p.  67. 

"'  Bull.  14,  p.  66. 

»•  Silliman,  Amer.  Joum.  Sci.,  (i),  XXV,  pp.  104-107. 

"•  Joum.  Geol.,  XVII,  pp.  473^7. 

"•  Contr.  Can.  Pal.,  n,  part  1,  page  27;  Amer.  Joum.  Sci.,  (iii),  XLVIII,  p.  182. 

»«  Ptoc.  Amer.  As.  Ad.  Sd.,  XLVII,  p.  298. 
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b.  PluviafUe  Deposits 

An  interesting  deposit  occurs  at  Cincinnati,  Hamilton  County,  which  con- 
tains a  small  fauna.    A  section,  made  20  years  ago,  is  indicated  below  :^^ 


Yellow  clay. 5  feet  8  inches 

Blue  clay 7    "   3 


tf 


Height  of  section 13  feet  1  inch 

The  contact  portions  between  the  two  clay^  contained  fragments  of  wood 
and  v^etation  in  one  place,  which  probably  represented  the  Sangamon  soil 
horizon.  The  blue  clay  contained  sand  pockets  containing  the  following  spe- 
cies of  sheUs: 

Pkysa  anciUaria  Planorbis  parvus 

Anculosa  costata  (of  small  si^e) 

Equus  fratemus  and  Matnmut  americanum  were  also  secured  from  the  blue 
clay.    The  yellow  clay  is  probably  loess. 

Many  years  ago,  Hildreth^  described  a  well  boring  which  passed  thru 
strata  evidently  referable  to  the  Sangamon  interval;  the  lower  strata  may, 
however,  be  of  older  date.  As  the  region  is  far  outside  of  the  till  margin,  the 
age  of  the  deposits  cannot  be  placed  with  certainty.  Valley  drift  from  the 
niinoian  and  Wisconsin  drift  sheets  extends  down  the  Muskingham  River 
to  the  Ohio.  The  well  was  located  six  miles  above  the  mouth  of  the  Musking- 
ham River  and  one  and  one-half  miles  north  of  the  Ohio  River.  The  section 
included  the  following  strata  (correlation  the  writers) : 

1.  Ash  colored  clay  (probably  loess) 40  feet 

2.  Blue  clay  with  fragments  of  plants,  leaves,  and  seeds  of  monocotyledenous  plants; 
beneath  this  a  bed  of  wood,  leaves  and  plant  rem^s  (Sangamon  old  soil?) 10    " 

3.  Fine  siliceous  and  micaceous  sand,  the  upper  part  mixed  with  blue  clay  such  as  is 
now  found  in  the  bottom  of  fresh  water  ponds  or  in  eddies  and  lagoons  of  large 
rivers.  Scattered  throughout  the  10  feet,  and  especially  in  the  upper  portion,  are 
numerous  fl^viatile  shells  apparently  Unio  and  Anodonta.  (Sangamon  or  possi- 
bly Yarmouth)...* 10    " 


Depth  of  well 60  feet 

The  Unios  are  given  names  by  Morton  and  are  also  figured,  but  the  cuts  are 
not  good  enough  for  identification  with  recent  species.  These  names,  which 
are  not  recorded  in  Simpson's  Synopsis,  are  listed  below: 

Unio      peirosus        Morton.    Plate  1  |gure      17.      Page  149 
tumulatus  "  ''   1       "    18-21.       "     149 

"» Hayes,  Joum.  Cin.  Soc.  Nat.  Hist,  XVII,  pp.  217-226. 
'«  Amer.  Joum.  Sci.,  (i),  XXIX,  pp.  17,  149,  plate  1, 1836. 
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Unio      terrenus 
"        sasidum 
AnodoHtaf  abysHna 


Morton.  Plate  1  figure     19.     Page  149 

1       "       20.         "     149 
1       "  22-23.       "    149 


f> 


» 


ft 


i» 


With  the  Unios  one  perfect  form  of  a  genuine  03^ter  and  several  frag- 
ments" were  fomid.  What  these  reaUy  were  it  is  impossible  to  conjecture. 
The  molluscan  record  is  practically  worthless  for  the  present  purpose. 

Near  Middletown,  Butler  County,  in  the  first  bottoms  of  the  Miami  River, 
a  stratum  containing  mollusks  occurs  which  is  evidently  referable  to  the  Sanga* 
mon  interval.  It  is  to  be  correlated  with  the  old  shell  and  forest  beds  near 
Lawrenceburg,  Indiana,  and  in  other  parts  of  the  Ohio  VaUey.  Thirteen 
species  are  recorded  from  Middleton.*^ 


Name  listed. 
Hdix  eUwUa 
**    coHca»a 
"     aUemata 
"     kirsuta 
"     monodon 
"    thyroideus 
**     profunda 
"    soUtana 
"     tHdenUUa 
Gonicbasis  depygis 
Planorbis  iriwokis 
Amnicola  lapidana 
Succinea  species 


Present  name. 
Polygyra  eUwUa 
Cifcinana  amctvoa 
Pyramidvia  aUernata 
Polygyra  kirstUa 
manodan 
tkyraides 
profunda 
Pyramidnla  solUaria 
Polygyra  tridaUata 
Gonicbasis  depygis 
Planorbis  tri9ohis 
Pomaliopsis  lapidaria 
Succinea  species 


tt 


» 


11 


c.  Mammalian  Fauna 

Mammals  of  Sangamon  age  occur  above  the  Illinoian  till  in  Ohio  and  that 
portion  of  Kentucky  which  was  reached  by  the  till  sheet.  The  most  complete 
fauna  occurs  at  Big  Bone  Lick  on  Big  Bone  Creek,  Boone  County,  Kentucky^ 
twenty  miles  south  of  Cindnnati,  Ohio.  Foster,***  many  years  ago,  called 
attention  to  the  position  of  the  fossils  as  related  to  the  strata.  His  section  is 
as  follows: 

Yellow  clay,  containing  remains  of  bison  and  deer 15-20  feet 

Blue  clay,  with  remains  of  elephant  and  mastodon < 

The  fauna  has  been  monographed  by  Leidy*^  and  has  been  referred  to  by 
many  other  authors."'  From  these  various  sources  the  fauna  is  seen  to  be 
made  up  of  the  following  species: 

Megalonyx  jeffersoni  Alces  americanus 

Mylodon  karlani  Rangifer  caribou 

»*•  Geol.  Surv.  Ohio,  III,  pp.  381-391. 
^  Proc.  Amer.  Assoc.  Ad.  Sci.,  X,  p.  161,  1856. 
»«  Joum.  Phil.  Acad.,  VII,  1869. 

"'  Cooper,  Smith,  and  DeKay,  Amer.  Joum.  Sci.,  (i),  XX,  pp.  370-372;  Smith.  Contr. 
Knowl.,  V,  Art.,  3, 1852;  VII,  Art.,  5, 1853. 
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Eqmu  compUaOus  (  »  americaHus)  Boifiherium  bombi/nms 

"      fralenms  Symbos  canfrans 

Tapmu  kaym  Bison  aniiquus 
Fiaiygotms  eompressus  ''     bison 

Odocoiltus  lirgimianus  Mammut  americamm 

Cenus  canadensis  EUphas  primigenius 

Cervalc$s  scoUi  Neoioma  magisUr 

Ursus  americanus 

Several  horizons  are  evidently  represented  at  Big  Bone  Lick,  as  suggested 
by  Foster  and  Hay.  The  lists  which  have  been  published  do  not  discriminate 
and  some  of  the  material  was  undoubtedly  secured  from  a  higher  level  and 
therefore  referable  to  a  later  time.  Hay"*  believes  that  the  deposit  contains 
animals  which  have  been  mired  from  Dlinoian  (Sangamon)  time  to  the  present. 
Lyell  states'^  that  the  bison  resorted  to  the  springs  up  to  a  recent  date.  He 
also  mentions  the  presence  of  fresh  water  and  land  shells  with  the  bones,  the 
species  being  the  same  as  now  found  in  this  region.  The  Bis(m  hisan^^  accord- 
ing to  Shaler,  is  foimd  only  in  the  superficial  strata  and  hence  referable  to  a 
late  period,  possibly  post- Wisconsin.  Some  of  the  deer  also  belong  to  a  later 
period  than  the  SiEUigamon.  As  the  different  species  have  not  been  separated 
stratigraphically,  they  have  been  listed  here  together  for  the  sake  of  com- 
pleteness. Bison  laiifrons  was  reported  by  Peale^^  from  a  small  creek  about  a 
dozen  miles  north  of  Big  Bone  Lick.  It  probably  belongs  to  the  same  age 
as  the  other  fossils  at  the  previously  mentioned  locality. 

Other  vertebrate  remains  bave  been  reported  from  Ohio  as  follows: 

MammtU  americanum.  In  bank  of  Raccoon   Creek,   near  Granville.^*' 

Near  Nashport,  on  gravel,  at  depth  of  14 
feet.^    Muskingham  County,  in  muck  25  feet. 

Castoroides  okioensis»  Nashport,  below  the  surface.^    Also  14  feet  below 

the  surface  on  bed  of  pebbles  and  gravel.^ 

E^mu  species.  "  Excavation  for  outer  wall  of  penitentiary,  Colutn- 

bus.""* 

^^  Geol.  Surv.  Ind.,  36th  An.  Rep.,  p.  624. 

>«•  Amcr.  Joum.  Sci.,  (i),  XLVI,  pp.  320-323, 1843. 

^  Allen,  American  Bisons,  pp.  53,  236. 

>u  Philos.  Mag.,  XV,  pp.  325-327. 

I"  Hicks,  Amer.  Joum.  Sd.,  (iii),  V,  p.  79.  This  locality  is  on  the  edge  of  the  Wisconsin 
drift,  and  the  remains  may  be  of  later  age. 

»  Foster,  op.  cU.,  (i),  XXXI,  p.  80, 1837. 

^  Klippart,  Cin.  Quart.  Joum.  ScL,  II,  p.  154. 

^Op.  cii.;  the  horizon  is  doubtful,  but  the  inference  is  that  it  is  Sangamon,  as  horses 
have  not  been  found  in  later  deposits. 
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Ursus  procerus,  Overpeck  Sutum,***  on  C.  H.  and  D.  Raihray,  four 

miles  from  Hamilton,  Butler  County,  23  feet 
below  the  surface  on  ''nest  of  petrified  sticks." 

Ovibos  mosckatus.  Youngstown,  under  60  feet  of  graveL^' 

In  Jackson  and  Muskingham  counties  several  deposits  occur  from  which 
the  remains  of  mammals  have  been  reported  These  are  in  stream  deposits 
evid^tly  laid  down  by  water  from  the  Wisconsin  ice.  As  the  deposits  con- 
taining the  bones  are  at  the  base  of  the  sections,  they  may  represent  Sangamon 
'time. 

In  Jackson  County  (Briggs,^'*)  at  Salt  Creek,  in  the  northwestern  part  of 
the  county,  the  bones  of  an  elephant,  thot  to  be  Elepkas  jacksoni  {'^columbi) 
were  found    The  section  of  the  bank  at  this  locality  is  as  noted  below: 

1.  YeDowishcky 5J<  feet 

.2.  Yellowish  sandy  day 7^    " 

3.  Ferrugiaous  sand,  partly  cemented  with  iron 4--8  inches 

4.  Chocolate  colored  sand  or  mud,  the  lower  part  containing  remains  of  gram- 
ineous plants 2  feet 

5.  Sandy  day,  light  chocolate  colored IH    " 

6.  Sand  and  day  with  large  proportion  of  animal  matter.    Contains  fossil 

bones l-lJi  feet 

Height  of  section 17J4-19  feet 

Many  fossO  bones  are  reported  from  salt  weQs  in  this  county,  including 
the  elephant  and  the  Megatherium. 

In  Muskingham  County  (yfymBu^^'')  the  valley  drift  of  the  Muskingham 
River  near  Zanesville  presents  the  section  noted  below: 

1.  Yellow  loam,  stratified 8  feet  0  inches 

2.  Fine  sand 1  "  0  " 

3.  Fine  gravel 0  "  6  " 

4.  Yellow  loam 2  "  0  " 

5.  PjebUes  of  igneous  rocks. 6  "  0  " 

6.  Yellow  sand  stratified 0  "  6  " 

7.  YeUow  loam 0  "  7  " 

8.  Pebbles  like  number  5  with  boulders 2  ''  6  " 

9.  I^e  yellow  sand,  with  remains  of  elephant 8  ''  6  " 

Height  of  section 29  feet  7  inches 

»•  Miller,  Proc.  Biol.  Soc.  Wash.,  XHI,  pp.  53-56.  Hay  (36th  An.  Rq>.,  p.  775)  believes 
that  the  deposit  may  be  older  than  the  Dlinoian  as  rock  was  found  3^  feet  below  the  bear  skull. 
As  the  old  forest  beds  in  this  region  are  believed  to  be  of  Sangamon  age  it  seems  logical  that 
this  aqpient  bear  lived  at  the  same  time. 

^^  Hay,  36th  An.  Rep.,  GeoL  Surv.  Ind.,  p.  641.  If  the  depth  of  60  feet  is  correct  it 
would  probably  penetrate  the  Wisconsin  drift  and  the  fosul  musk  ox  may  bdong  to  the  Sanga- 
mon fauna. 

»»•  Briggs,  First  An.  Rep.  Gcol.  Surv.  Ohio,  1838,  p.  96.  Wyman,  Proc  Amer.  Assoc. 
Ad.  Sd.,  X,  pp.  169-172, 1857. 
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The  teeth  of  an  elephant  {Elephas  primigenius?)  were  found  in  stratum  9 
and  may  possibly  be  referred  to  the  Sangamon  interval. 

5.  WISCONSIN 

Old  forest  beds  are  known  to  occur  beneath  the  Wisconsin  till  in  this  state. 
Alden^*  refers  these  to  the  Peorian  interval,  but  they  would  seem  to  be  equally 
as  logically  referred  to  the  Sangamon  interval.  The  Illinoian  drift  sheet 
disappears  beneath  the  Wisconsin  drift  sheet  south  of  Green  Bay,  and  so  far 
as  known  there  are  no  lowan  drift  deposits  in  the  vicinity.  If  the  lowan  ice 
did  not  reach  this  region,  it  may  be  that  the  forest  of  both  the  Sangamon  and 
Peorian  intervals  are  represented  in  these  ancient  forest  beds.  Unless  the  ice 
was  near  enough  to  kill  the  trees,  there  is  no  reason  why  the  forests,  especially 
the  coniferous  species,  could  not  have  existed  continuously  thru  both  Sanga- 
mon and  Peorian  time,  and  until  they  were  destroyed  by  the  Wisconsin  ice 
sheet 

Lawson^  records  many  ancient  forest  beds  from  the  region  of  the  Fox  Riv- 
er, in  Calumet  and  Outagamie  counties.  These  forest  remains  are  under  from 
10  to  100  feet  of  red  till,  and  are  composed  of  moss,  leaves,  grasses,  seeds,  limbs 
and  branches  of  trees  and  saplings,  many  of  the  trees  being  24  inches  in  diame- 
ter. Some  of  the  vegetation  with  their  localities  are  tabulated  below.  The 
names  are  those  given  by  Lawson. 

Name  Locality 

Pine  cones  and  logs.  Town  of  Harrison,  Calumet  County. 

Cedar,  black  ash,  black  oak,  tamarack     Border  of  Lake  Little  Butte  des  Morts. 
Linden  (basswood)  Forest  Junction,  Calumet  County. 

Lawson  says:  "All  these  stumps  bear  evidence  in  their  ragged  heads  of  the 
trees  having  been  violently  wrenched  off.  The  most  notable  stump  field  is 
that  at  Lewis  Hankey's  brick  yard  in  the  Town  of  Neenah,  on  the  west  shore  of 
Lake  Little  Butte  des  Morts.  Here  the  removal  of  twelve  feet  of  red  clay  in 
brick  making  has  uncovered  several  acres  of  stumps  still  standing  and  about 
twelve  inches  high.  The  bed  of  vegetable  mould  and  leaves  is  here  several 
inches  thick  and  rests  on  a  thin  layer  of  blue  clay. "  This  forest  bed  is  more 
probably  postglacial,  possibly  representing  the  interval  between  a  retreat  and 
advance  of  the  Wisconsin  ice  (see  p.  118).  The  forest  bed  encoimtered  in  deep 
wells  in  various  parts  of  the  Green  Bay — ^Lake  Winnebago  region  is  probably 
of  Sangamon  age  and  there  is  every  reason  to  believe  that  this  deposit  underlies 
a  large  area  of  the  drift    Several  well  sections  north  of  Appleton  afford  ex- 

»•  Science,  N.  S.,  XXDC,  p.  557. 

»•  BuiL  Wis.  Nat.  Hist  Soc,  11,  p.  170,  et  seq. 
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amples  of  the  strata  in  which  the  forest  is  found.    Some  of  these  are  noted  be- 
low: 

Town  of  Center  Seven  miles  north  of  Appleton 

Red  day 15  feet    Clay 7  feet 

Sand 80    "      Sand 15    " 

Blue  clay 25    "      Red  cUy 40    " 

Wood,  leaves,  stumps 2    "      Gravel 12    " 

Giavel X    "      Red  clay 6    " 


Trees,  leaves,  stumps 2 

O^th  of  wcU 122    "      GfBvel 10 

Rock X 


Depth  of  well 92 


»r 


Whittlesey^*®  many  years  ago  referred  to  the  same  deposit  when  he  des- 
cribed the  buried  forest  of  Green  Bay  at  24  and  50  feet  below  the  surface. 
Some  wood  examined  was  determined  as  cedar. 

A  number  of  instances  are  on  record  of  the  occurrence  of  wood  and  old 
soils  beneath  Wisconsin  till  in  southern  Wisconsin.  Both  Winchell'^  and 
Newberry"*  have  reported  wood  ''resembling  white  cedar"  from  a  well  18 
feet  deep  in  Walworth  County.  Winchell  reports  a  ''tamarack"  log  from  a 
depth  of  25  feet,  with  day  above  and  gravel  below,  the  locality  being  five  miles 
east  of  Geneva.  At  Appleton,  Outagamie  County,  red  cedar  is  reported 
from  50  feet,  also  in  red  clay.  In  Brown  County,  wood,  apparently  willow, 
was  found  in  red  clay,  50  feet  below  the  surface. 

The  variation  in  the  depth  below  the  Surface  of  these  deposits  indicates 
either  a  great  variation  in  the  thickness  of  the  Wisconsin  till,  or  that  several 
horizons  are  represented.  It  may  also  be  true  that  the  Wisconsin  till  contains 
many  sticks  and  logs  at  various  depths  which  were  picked  up  by  the  ice  sheet 
from  the  Sangamon  or  Peorian  surface  and  incorporated  with  the  Wisconsin 
till. 

Alden  ^^  lists  a  number  of  records  of  vegetal  remains  from  deposits  thot  to 
lie  between  the  Illmoian  and  Wisconsin  tills,  in  southeastern  Wisconsin.  The 
variation  in  depth  indicates  probably  that  several  drift  sheets  have  been  pene- 
trated. The  shallower  depths  evidently  record  the  stage  preceding  the  re- 
advance  of  the  Lake  Michigan  glacier.  For  convenience  these  records  are 
tabulated  below: 

"•  Foster  and  Whitney's  report,  p.  394. 

*«  Proc.  Amer.  Assoc.  Ad.  Sci.»  XXIV,  pp.  54-55. 

«Geol.Ohio,II,p.31. 

««•  Professional  paper  106,  U.  S.  G.  S.,  pp.  177-179. 
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*^»^ 

County 

Township 

Depth 

Character 

Marquette 

Westfield 

230 

Carbonaceous  matter 

Montello 

20 

Logs 

Green  Lake 

Bzookly-n 

100 

Leaves 

Sauk 

Delton 

260-270 

Twigs 

Deiton 

292 

Muck 

Greenfield 

190 

Muck 

Dane 

Middleton 

100 

Peat 

Middleton 

92 

Wood 

Middleton 

80 

Black  material 

Madison 

240 

Wood 

Fitchburg 

112 

Peat 

Fitchburg 

135 

Muck  and  driftwood 

Dunkirk 

200 

Wood 

Rock 

Harmony 

40 

Blackish  clay 

Harmony 

125 

Muck 

Johnston 

40 

Muck 

Waiwoth 

Richmond 

230 

Black  soil 

Jefferson 

Farmington 

60 

Wood 

Waukesha 

Summit 

60 

Muck 

Washington 

Hartford 

30 

Muck 

Adduon 

30 

Soil,  tamarack  tree 

Fond  du  Lac 

Fond  du  Lac 

30-50 

Black  dirt,  wood 

Eden 

90 

Muck 

Walworth 

Lafayette 

180 

Muck 

Bloomfield 

98-141 

Wood 

East  Troy 

60 

"lion  ore" 

Kenosha 

Salem 

50-60 

Gas 

Milwaukee 

Greenfield 

26 

Black  sand 

Franklin 

24 

Black  loam 

Oak  Creek 

114 

"Dry  turf" 

Waukesha 

Lisbon 

50 

Bhicksoil 

Washington 

Polk 

180 

Muck  or  peat 

Washington 

Jackson 

250 

Black  peat 

Sheboygan 

Holland 

60 

Muck 

Holland 

100 

Black  muck  and  leaves 

• 

HoUand 

62 

Black  muck 

Weidman***  finds  evidences  of  five  drift  sheets  in  Wisconsin — the  pre- 
Kansan,  Ransan,  lowan,  Early  and  Late  Wisconsin.  An  interglacial  interval 
is  noted  between  the  second  and  third  drifts,  i.e.  the  Sangamon.  The  loess  is 
considered  later  than  the  third  (lowan)  and  cflder  than  the  fourth  (post-Iowan 
or  Peorian).    Much  interesting  and  valuable  information  awaits  the  student 


>«  Science,  N.  S.,  XXXVII,  p.  456. 
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who  will  take  the  trouble  to  study  and  classify  the  material  in  these  buried 
forests.  There  should  also  be  found  with  the  vegetation  a  varied  fauna  of 
moUusks  and  insects,  as  well  as  vertebrates. 

6.  MINNESOTA 

Upham  has  recognized  the  Sangamon  interval  in  Minnesota,  tho  no  evi- 
dences of  life  are  mentioned.  The  location  of  this  stage  is  thus  described.'^ 
"Three  chains  of  lakes  on  the  till  area  of  Martin  County,  one  of  the  central 
counties  of  the  southern  tier  in  Minnesota,  adjoining  Iowa,  are  ascribed  to  inter- 
glacial  erosion  of  rivers  flowing  south,  where  now  the  courses  of  drainage  pass 
eastward.  The  duration  of  this  inteigladal  stage  is  estimated  by  Winchell, 
from  changes  of  the  course  of  the  Mississippi  River  in  and  near  the  Twin  Cities 
of  Minneapolis  and  St.  Paul,  to  have  been  about  15,000  years.  It  seems  to  be 
represented  in  the  history  of  the  Quaternary  lakes  Bonneville  and  Lahontan 
by  the  stage  of  their  desiccation  between  their  previous  prolonged  stage  of 
high  water  and  their  ensuing  higher  but  more  brief  rise  of  water;  and  it  is 
correlated  with  the  Sangamon  interglacial  stage  between  the  Illinoian  and 
lowan  stages  of  gladation.  Its  time  is  estimated  to  have  been  approximately 
from  40,000  to  25,000  years  ago. " 

7.  MICHIGAN 

It  is  believed'^  that  the  older  drift  sheets  extended  over  Michigan,  the  Slan- 
san  from  Keewatin  and  the  Illinoian  from  Labrador.  Beds  of  muck  and  peat 
have  been  found  between  drift  sheets  in  deqp  borings  as  far  north  as  Hopkins  in 
Allegan  County,  and  near  Shelby  in  Oceana  County.  These  occur  at  a  depth 
of  about  150  feet.  It  is  not  definitely  known  whether  the  overl3ring  drift  in- 
cludes the  lowan  or  is  exclusively  Wisconsin.  At  Ann  Arbor  borings  struck  a 
much  harder  sheet  of  till  than  the  Wisconsin  in  the  lower  part  of  the  till.  The 
harder  tiU  is  probably  Illinoian.  Its  thickness  at  Ann  Arbor  is  30-40  feet,  but 
north  of  Ypsilanti  it  is  200  feet  thick. 

In  a  later  publication'^  Leverett  refers  certain  old  soils  to  the  post-Illinoian 

stage.    These  references  include   several   mentioned   above.    The   specific 

localities  are: 

Near  Avoca,  St.  Clair  County. 
East  Fremont,  Sanilac  County. 
Near  Hillsdale,  Hillsdale  County. 
Near  Allegan,  Allegan  County. 
West  of  Shelby,  Oceana  County. 

>•«  Science,  N.  S.,  XXXVII,  p.  457;  Int.  Geol.  Congiess,  12th  session,  Canada,  1913, 
pp.  1-11.  Many  of  the  strata  mentioned  are  referxed  in  the  present  work  to  the  Yarmouth 
interval.    See  page  262. 

'**  Leverett,  6th  An.  Rep.,  Mich.  Acad.  ScL,  p.  105. 

'^  Mich.  Geol.  Biol.  Surv.,  Geol.  Ser.,  No.  7,  pp.  53-54. 
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In  Bay  County  a  number  of  coal  shafts  p>enetrate  several  tills  and  inter- 
glacial  deposits.^'    These  are  tabulated  below : 

Near  Amelith.    Shaft  of  Pittsburg  Coal  Co. 

SoU  depodt  at  1 10  feet,  underlaid  by  beds  of  sand  and  gravel  and  overlaid  by  day  drift 

of  Wisconsin  age. 
Shaft  of  Heda  mine,  northeastern  part  of  F^ankenlust  Township. 

Fragments  of  trees  in  beds  of  sand  just  above  the  bed  rode,  at  a  depth  of  85  feet.    This 

vegetal  deposit  is  probably  contemporaneous  in  age  with  the  110  foot  bed  near  Amelith, 

whidi  may  be  Sangamon. 
Section  19,  Bangor  Township. 

Vegetation  at  80  feet,  underlaid  by  37  feet  of  boulder  day. 

In  the  old  Monitor  shaft  (S.E.  J^  Sect.  28,  T.  14  N,  R.  4  E.)  at  a  depth  of 
45  feet  a  vegetal  deposit  was  found. 

Section  of  Monitor  Shaft 

1.  Clay 45     feet 

2.  Upper  Monitor  soil 4H    " 

3.  Clay 311^    " 

4.  Sand,  lower  Monitor  soil 10     inches 

The  upper  Monitor  soil  contains  impressions  of  leaves,  twigs,  etc  Just 
what  relation  the  two  clays  and  the  two  soils  bear  to  the  intervals  beyond  the 
Wisconsin  is  not  dear.  If  there  was  an  lowan  drift  in  Michigan  number  3 
might  be  this  one;  or  it  might  be  early  Wisconsin  drift.  The  stratigraphical 
position  of  these  deposits  is  not  yet  clear. 

At  two  localities  in  the  Upper  Peninsular,  one  near  Hessd  and  the  other 
in  the  region  about  Isabella,  to  the  north  of  Big  Bay  de  Noc,  there  are  deposits 
of  fine,  pink,  thinly  laminated,  highly  plastic  clay  which  as  shown  by  its  fine- 
ness and  evenness  of  bedding  was  laid  down  in  a  large  water  body.^  Similar 
clay  is  perhaps  present  at  other  localities  in  the  same  general  region,  concealed 
beneath  deposits  of  sand  and  possibly  of  till,  but  evidence  in  this  connection 
is  at  present  wanting.  Of  these  deposits  Russell  says,  ''The  deposits  of  day 
briefly  described  above,  are  of  the  same  character  as  much  larger  deposits 
exposed  near  Sault  Ste.  Marie  and  occurring  widdy  on  the  Lake  Superior  shore 
of  Michigan.  Judging  from  the  pronounced  physical  characteristics  of  the 
day  at  these  several  localities  and  its  known  relation  to  other  and  associated 
dq)Osits,  it  seems  evident  that  it  was  laid  down  in  a  single  widdy  extended 
water  body.  No  fossils  have  been  found  in  it  to  show  whether  it  is  of  marine  or 
lacustrine  origin,  but  the  presumption  is  that  it  was  deposited  in  a  lake.  As 
to  the  date  at  which  this  lake  existed  no  good  evidence  has  as  yet  been  obtained 
in  Northern  Michigan,  but  during  the  past  summer  similar  day  previously 
known  to  exist  in  the  northern  portion  of  southern  Michigan  has  been  shown 

>•'  Cooper,  Rq>.  Stkte  Board  Geol.  Surv.,  1905,  pp.  152,  340, 341. 
'••  Russell,  Rep.  GeoL  Snrv.  Mich.,  1904,  pp.  93-94. 


322  UFE  OF  THE  PLEISTOCENE 

by  Frank  Leverett  to  be  several  hundred  feet  thick  and  of  older  date  than 
the  surface  morainal  deposits  of  the  region  and  to  rest  upon  older  glacial  de- 
posits. It  is  thus  shown  to  have  been  deposited  previous  to  the  southward  ad- 
vance of  the  Wisconsin  ice  sheet.  This  is  a  highly  instructive  discovery,  and  if 
as  now  seems  probable,  the  pink  clays  of  northern  Michigan  were  deposited  in 
the  same  lake  as  the  similar  clays  in  southern  Michigan,  the  existence  of  an 
inter-glacial  lake  in  the  Great  Lakes  basin  of  comparable  size  with  Lake  Algon- 
quin is  made  manifest. "    These  clays  may  be  of  Sangamon  age. 

Sherzer"* mentions  Illinoian  drift  in  Monroe  County  with  "coal"  (probably 
compacted  peat)  above  drift;  and  Davis^^®  mentions  pre-Wisconsin  drift  in 
Tuscola  County.  Many  years  ago**^  Wm.  Logan  recorded  the  presence  of  a 
deposit  12-14  feet  thick,  containing  roots  and  limbs  of  trees,  at  Grand  Sable, 
south  shore  Lake  Superior.  The  deposit  rested  on  bluish-drab  clay  and  was 
overlaid  by  a  bed  of  sand  interstiatified  with  gravel  300  feet  in  thickness.  It 
is  not  known  what  interval  the  vegetation  may  represent. 

Taylor*^^  states  that  pre-Wisconsin  till  occurs  beneath  the  Wisconsin 
drift  in  the  area  of  the  "Thumb"  in  Michigan.  Of  this  deposit  Taylor  says: 
"Till  older  than  that  deposited  by  the  Wisconsin  ice  sheet  seems  to  underlie 
more  or  less  continuously  all  of  the  later  or  Wisconsin  drift  in  Indiana  and  the 
southern  peninsula  of  Michigan. "     Old  soil  in  places  overlies  this  older  drift 

8.  NEW  YORK 

Evidence  is  accumulating,  indicating  the  presence  of  a  till  sheet  beneath 
the  Wisconsin  drift  sheet.  Just  which  drift  sheet  is  represented  has  not  been 
definitely  stated,  but  it  is  apparently  referable  to  the  till  beneath  the  interglacial 
deposits  at  Toronto,  which  is  thot  to  be  the  Illinoian  stage.  In  the  Keuka  Valley, 
wave  cut  terraces  have  been  observed  which  are  believed  to  have  been  produced 
by  a  pre-Wisconsin  glacial  lake.^^  In  the  Finger  Lake  region  of  New  York  a 
pre-Wisconsin  drift  has  also  been  detected.^'*  In  the  Mohawk  VaUey*'*  the 
hardpan  referred  to  in  the  well  sections  evidently  represents  the  Illinoian  till 
sheet. 

Well  borings  in  western  New  York  indicate  that  several  drift  sheets  have 
crossed  the  state.  Spencer^^  has  published  a  well  section  taken  in  the  Whirl- 
pool-Saint Davids  gorge,  Niagara  River,  which  exhibits  several  tills  and  inter- 
glacial deposits. 

>••  Gcol.  Suiv.  Mich.,  VII,  part  1,  pp.  12(h127. 
>T*  An.  Rep.  GeoL  Surv.  Mich.,  1906,  pp.  121-358. 
in  Geol.  of  Canmda,  1863,  p.  905. 
»"•  Moil  LHI,  U.  S.  G.  S.,  pp.  261, 289. 
»»  Carney,  Amer.  Joum.  ScL,  (iv),  XXIII,  pp.  325-335,  1907. 
>»  Carney,  Denison  Univ.  Bull.,  XIV,  pp.  3-18,  35-46,  1908. 

>'«Brigham,  Bull.  Geol.  Soc.  Amer.,  IX,  pp.  189-190.    See  also  Faiichild,  Bull  Geol. 
Soc.  Amer.,  XX,  p.  632. 

>»  Bull.  Geol.  Soc.  Amer.,  XXI,  p.  436, 1910. 
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Possible  carrdation 


Wisconsin  till  1 

Wisconsin  till  2 

Wisconsin  till 

(Eariy)3 

Wisconsin  till 

(Early)  4    (lowan?) 

Inters^ial 

Land  sur&ce 
Sangamon 
(Scarboro  beds )  5 


InterglaciaL 

Scarboro  beds  6 


Interglacial.. 
Don  beds? 
InterglaciaL. 
(Sangamon) 
Don  beds? 


Interglacial  or  glacial. 
(Probably  Slinoian 
till) 


Character  of  deposit 


Reddish  clay  with  few  pebbles  and  glaciated  stones 

Rounded  gravel  (2  feet)  over  light  brownish  fine,  sandy 
loam,  which  is  also  calcareous  (38  ft.) 

Small  angular  to  rounded  gravel  mostly  quartsite,  in 
red  clay  matrix,  (4  feet) ;  loam  with  gravel  as  above  (10 
feet) ;  angular  gravel  with  little  clay  binding  (26  feet)  .. 

Bluish  clayey  sand  with  angular  fragments  (boring  here 
was  rapid  with  admixture  of  recovered  materials) 

Six  inches  of  fine  white  sandy  soil,  deoxidized,  with 
twigs  and  a  well  preserved  trunk  of  a  northern  white 
spruce.  It  rests  on  a  grayish  clayey  sand,  which,  when 
the  calcareous  and  ferruginous  matter  are  removed,  is 
similar  to  the  deoxidized  soil  above.  Also  contains 
twigs 

Angular  and  subangular  gravel,  mostly  quarztite,  size 
of  peas,  with  some  earthy  binding  materials  in  variable 
layers.  At  16  feet  below  the  top  was  brown  rusty  sand 
(indicating  an  interglacial  surface)  strongly  magnetic. 
At  15  feet  the  fragments  were  large,  subangular  at 
base 


Loamy  sand  with  quartzite  pebbles,  which  at  base  are 
rounded 

Very  fine  siliceous  flour,  somewhat  calcareous,  but  veiy 
xich  in  magnetic  sand.  Deposit  held  water,  flowed  up* 
ward  in  casing  for  8  feet,  like  cement,  and  stopped  the 
boring 

To  more  than 

This  is  the  level  of  the  whirlpool  but  the  drift  may 
continue  for  50  or  100  feet,  less  or  more 


Feet    Total 


40 
40 

40 
66 


SO 


40 
80 

120 
186 


34       220 


23 

243 

16 

259 

2AH 

268H 
293 

Spencer  refers  the  wood  in  stratum  5  to  the  Scarboro  beds  at  Toronto^'* 
and  this  correlation  appears  to  agree  with  the  evidence.  The  above  inter* 
pretation  of  the  well  section  strata  may  not  be  correct  but  it  appears  to  be  in 
conformity  with  the  evidence,  as  compared  with  the  section  at  Toronto.  Kin- 
dle and  Taylor^"  do  not  name  the  drift  sheet  beneath  the  Wisconsin,  nor  do 
they  discuss  this  well  section. 

An  interglacial  faima  of  possible  Sangamon  age  has  been  observed  at  the 
south  end  of  Cayuga  Lake."^  This  deposit  is  on  the  west  shore  of  the  lake, 
"between  Taughannock  Falls  and  Frontenac  Beach  in  a  small  ravine  which 

»w  Op.  cU.,  p.  438. 

*''  Niagara  Folio,  p.  9. 

"•  Mauiy,  Joum.  Geol.,  XVI,  pp.  565-567. 
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has  cut  through  one  of  the  delta  terraces  so  common  in X^ayxiga  Valley. "    A 
vertical  section  is  shown  below: 

Drift 20-30  feet 

Gravel  and  sand several  inches. 

Fosailiferous  day 5-^  feet. 

Boulder  day 10-15  feet. 

Devonian  shales. 10  feet  above  lake  level 

The  lower  boulder  clay  probably  representing  the  Blinoian  till,  is  oxidized' 
indicating  a  period  of  erosion.  The  fossils,  mostly  moUusks,  are  imbedded  in 
a  slaty  blue  clay,  loose  and  peaty  at  the  base,  but  becoming  more  compact 
toward  the  center  and  upper  parts.  The  lower,  peaty  deposit  is  composed 
almost  wholly  of  plant  remains.  These  have  not  yet  been  identified  owing  to 
their  very  imperfect  state  of  preservation.  It  would  be  of  great  interest  to 
compare  these  plants  with  those  found  at  Toronto  in  supposedly  equivalent 
beds.  The  mollusks  obtained  from  this  deposit  have  been  determined  as 
follows: 

z  AnodorUa  grandis  x  Valvaia  tricarinata 

"        grandis  fooUana  x  Amnkola  limasa 

"        marginata  z  Physa  heterostropha 

z  LampsUis  luteola  z  Planorbis  anirosus  {^hicarinaius) 

z  "      verUricosa  **        defiecius 

X  Spkaermm  sulcatum  ( » simile)  "        lentus  ( *»  trivolvis?) 

z  Pisidium  campressum  z         "       parvus 

"       virginicum  z  Galba  elodes 

z  Campelamia  decisum  "     palustris 

Comparing  the  above  list  with  the  Don  beds  at  Toronto,  we  find  that  12 
species  out  of  18,  or  two-thirds,  are  common  to  both  localities  (an  x  in  the  above 
list  signifies  that  the  species  is  found  in  the  Don  beds).  The  difference  is  purely 
one  of  habitat,  the  Cayuga  Lake  deposit  representing  the  quieter  waters  of  a 
lake,  such  as  the  Cayuga  of  today,  while  the  Toronto  mollusks  lived  on  the 
shores  of,  or  in  an  estuary  near  the  rougher  waters  of  the  ancient  Lake  Ontario. 
It  is  interesting  to  note  that  at  the  present  time  all  of  the  above  species  are 
living  in  Cayuga  Lake. 

Rich  and  Filmer,^^^  in  a  study  of  the  gorge  of  Six  Mile  Creek,  near  Ithaca, 
find  evidences  of  three  glacial  stages  and  two  interglacial  intervals.  Their 
interpretation  includes  (pages  73-74) : 

1.  Pregladal  time. 

2.  First  gladal  epoch. 

3.  First  interglacial  epoch. 

4.  Second  glacial  epoch. 

5.  Second  interglacial  epoch. 

»«»  Joum.  GeoL,  XXIII,  pp.  59-80, 1915. 
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« 

6.  Third  glacial  (Wisconsin)  epoch. 

7.  Post-Glacial  time. 

Number  3  may  be  of  Yarmouth  age  and  number  5  of  Sangamon  age;  or 
these  may  be  respectively  of  Sangamon  and  Peorian  age.  Number  5  might 
also  be  an  interval  between  older  and  later  Wisconsin  time.  Tarr's  section 
from  artesian  well  borings  in  Ithaca  may  include  some  of  the  strata  mentioned 
above  (see  page  149). 

Of  Sangamon  land  surfaces  there  is  but  little  evidence.  In  the  Watkins 
Glen-Catatonk  Folio,"*  reference  is  made  to  an  older  drift  in  Watkins  Glen, 
underlying  100  feet  of  Wisconsin  drift.  In  the  blue  clay  underlying  the  drift 
and  overlying  a  bed  of  sand  and  gravel,  the  leaf  of  an  Arctic  willow  (Salix 
reticularis)  was  found.  This  deposit  is  thot  to  have  been  laid  down  during  the 
advance  of  the  Wisconsin  ice,  and  the  willow  adds  additional  weight,  as  it 
represents  a  cold  climate. 

The  remains  of  a  mastodon,  together  with  vegetation,  were  found  in  pot 
holes  in  the  bed  rock  at  Cohoes,  Albany  County,  beneath  the  drift.  These  are 
at  least  as  old  as  the  Sangamon,  if  indeed,  they  are  not  of  greater  age.  Six 
species  of  trees  are  represented.^*'* 

Pinus  sircbus  Larix  americana  (^laricina) 

Picea  canadensis  Acer  rubrum 

"  nigra  (—mar  iana)  Betulaalha 

A  beaver  dam  with  beaver  cut  sticks  was  also  observed. 

Many  years  ago"^  a  fox  {Urocyon^  cinereoargenUUus?)  was  reported  from 
Broome  County  "in  fine  clay  beneath  drift,  in  elevated  ground  which  separated 
the  upper  courses  of  the  rivers  Delaware  and  Susquehanna  near  the  line  which 
divides  New  York  and  Pennsylvania. "  The  bones  were  found  40  feet  below 
the  surface  at  a  point  1375  feet  above  tide.  The  deposit  appears  referable 
to  the  Sangamon  interval. 

A  tusk  of  a  proboscidian,  probably  of  Mammut  americanum,  was  found 
recently  in  a  gravel  pit  in  Pony  Hollow,  twelve  miles  southwest  of  Ithaca."** 
The  deposit  was  stratified  sand  in  a  terrace  "whose  top- follows  the  valley  wall 
above  the  outwash  gravel  plain  which  occupies  the  floor  of  the  valley.  The 
exact  origin  of  this  Pleistocene  terrace  is  obscure  but  it  is  certainly  not  later 
than  the  end  of  the  occupation  of  the  valley  and  may  be  earlier. "  It  is  possible 
that  this  terrace  may  be  post-Illinoian  and  the  tusk  of  Sangamon  age. 

"•  U.  S.  G.  S.,  Atlas  No.  169,  p.  26. 

"•  Amer.  Joum.  ScL,  (ii),  XLm,  pp.  115-116,  1867. 

>•*  Redfield,  Proc.  Amer.  Assoc  Ad.  Sci.,  2nd  Meeting,  1850,  pp.  255-256. 

»«•  Sheldon,  Science,  N.  S.,  XLI,  pp.  98-99. 
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In  Allegheny  County,  at  Angelica,  on  the  Genesee  River,  parts  of  trees 
have  been  observed  beneath  tough,  firm  clay,  several  yards  below  the  surface.^" 
This  is  near  the  margin  of  the  Wisconsin  drift  sheet  and  possibly  represents 
either  a  Sangamon  or  a  Peorian  soil  horizon. 

Steller^^  recognizes  an  interglacial  interval  in  his  study  of  the  Saratoga 
Quadrangle.  Of  this  he  says:  ''In  the  region  vdthin  which  is  included  the  area 
of  the  Saratoga  Quadrangle  the  glacial  period,  or  Ice  Age,  was  broken  by  at 
least  one  interglacial  epoch.  This  deduction  is  made  from  the  fact  that  the 
Hudson  River  in  its  course  across  the  southeastern  spur  of  the  Adirondack 
Mountains  occupies  an  indubitably  geologically  recent  valley  of  trench-like 
form  and  yet  one  that  is  cut  in  till. " 

Fairchild^^  also  recognizes  the  possibility  of  a  pre- Wisconsin  ice  invasion 
of  New  York,  and  sa3rs:  ''The  accumulating  evidence  of  more  than  one  glacial 
epoch  in  New  York  adds  force  to  the  thought  that  some  of  the  peculiar 
relief  features  of  the  region  have  been  produced  by  multiplicity  of  glaciation  and 
glacial  drainage.  The  lowland  of  St.  Lawrence  Valley  and  east  of  Lake  Ontario 
exhibits  many  anomalous  features  which  harmonize  with  this  view. ''  It  would 
Seem,  therefore,  that  the  presence  of  a  pre-^^sconsin  ice  sheet,  probably 
Illinoian  sei)arated  from  the  later  drift  sheet  (Wisconsin)  by  an  interglacial 
interval  (probably  the  Sangamon),  is  clearly  indicated  in  New  York  State. 

9.   NEW  ENGLAND  STATES 

One  or  more  interglacial  intervals  are  represented  in  New  England.  Near 
Brandon,  Vermont,  50  feet  below  the  surface,  lignite  was  foimd  and  was  said  to 
be  covered  by  a  true  drift^**'  In  Maine,  New  Hampshire,  and  Massachusetts 
the  complexity  of  the  glacial  deposits  has  been  recognized  and  an  effort  has 
been  made  to  correlate  the  New  England  divisions  with  those  of  the  Mississippi 
Valley.  All  of  the  till  sheets,  as  well  as  the  interglacial  intervals,  are  recog- 
nized.*"   These  are  mostly  of  marine  origin  and  need  not  be  considered  here. 

In  the  Connecticut  Valley  there  are  certain  phenomena  which  represent 
either  interglacial  intervals  or  prolonged  oscillations  of  the  Wisconsin  ice  front. 
Emerson  says:**  In  the  long  cutting  of  the  canal  railroad  extension  near  the 
camp  meeting  grounds  on  the  north  line  of  Northampton,  the  interlocking  of 
the  till  and  sand  deposits  showed  clearly  that  the  ice  after  receding  from  this 

>"  Tomlinson,  Amer.  Journ,  Sci.,  (i),  XXIII,  p.  207. 

'•»  Bull.  N.  Y.  State  Museum,  No.  183,  pp.  1-50.    Also  BuU.  No.  45,  pp.  1-194. 
'»  Bull.  N.  Y.  State  Museum,  No.  160,  p.  18. 
"»•  Thompson,  Proc.  Bost.  Soc.  Nat.  Hist.,  1851,  pp.  33-34. 

"^  Clapp,  Bull.  Geol.  Soc.  Amer.,  XVIII,  pp.  505-556.    Correlation  table  opposite  page 
512.    References  are  given  to  other  works  on  New  England  glacial  deposits. 
'•  Holyoke  Folio,  p.  7. 
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point  in  the  valley  twice  readvanced  over  it. "    At  this  point  a  section  exhibits 
the  following  strata: 

Dzumlin  peak,  X. 

Beach  sandB,  12-15  feet.    First  interval  of  recession. 

Fine  layer  of  till,  4-5  feet.    First  readvance  of  ice. 

Sands  of  high  terrace  type,  22  feet.    Second  interval  of  recession. 

mi,  8  feet    Second  readvance  of  ice. 

Coarse,  cross-bedded  sands,  z.    Third  recession  of  ice. 

This  section  is  40  feet  thick  and  the  strata  may  be  seen  for  upwards  of  hal J 
a  mile  from  north  to  south.    Comparing  this  data  with  the  paper  of  Clapp^^ 
it  would  seem  to  fit  in  with  the  general  classification  of  glacial  tills  and  inter- 
glacial  intervals.    No  biotic  remains  have  been  observed  in  the  sands  between 
the  tills. 

Somewhat  recently,  excavations  in  the  City  of  Boston  have  uncovered  strata 
apparently  referable  to  one  or  possibly  two  drift  sheets  of  pre- Wisconsin  age.*^ 
The  evidence  for  these  ''consists  of  a  zone  of  extremely  weathered  material 
beneath  the  Wisconsin  drift,  an  erosion  unconformity,  different  types  of  de- 
posits, a  slight  trace  of  an  interglacial  soil,  some  interglacial  subsoils,  and  an 
apparent  difiFer^ce  in  the  direction  of  the  source  of  included  debris.  It  was 
possible  to  determine  with  some  accuracy  the  zone  of  post- Wisconsin  oxidation, 
and  the  final  shaping  of  the  ridge  in  which  this  evidence  was  found  appears  to  be 
due  to  the  readvance  of  an  ice  sheet  which  slightly  contorted  the  upper- 
most water  lain  materials.  The  axis  of  this  ridge  is  accordant  with  the  direction 
of  the  striae  of  the  last  glacial  advance  in  the  region. " 

As  is  the  case  in  New  York  State,  evidence  is  accumulating  which  indicates 
complexity  in  the  glacial  deposits  of  the  Nedr  England  States;  and  it  will  pro- 
bably be  found  that  several  of  the  ice  sheets  overran  this  territory  and  were 
separated  by  interglacial  intervals  correlative  with  those  of  the  areas  farther 
west 

10.  CANADA 

a.  The  Toronto  Formation 

The  most  complete  interglacial  biota  at  present  known  is  contained  in  the 
sands  and  clays  at  Toronto,  Ontario.    These  are  placed  by  Coleman^^  in  the 

>«^  Wentworth,  Science,  N.  S.,  XLII,  p.  58. 

>**  Interf^acial  Periods  in  Canada,  pp.  12-14.  Coleman  later  (Bull.  Geol.  Soc.  Amer., 
XXVI,  pp.  243-254)  refers  these  fossil  remains  to  the  Af ton^  interval  The  fauna  is,  how- 
ever, more  like  that  of  the  Yarmouth  or  Sangamon.  The  comfdezity  of  the  upper  drift  de- 
posits seems  referable  to  the  fluctuations  of  the  ice  fronts  of  later  ice  sheets.  The  Af tonian 
contains  a  number  of  extinct  mammals  which  are  absent  from  the  Toronto  formation,  and  the 
position  of  the  Toronto  deposits  with  relation  to  the  old  soils  and  other  interglacial  phenomena 
of  adjacent  regions,  seems  to  place  it  rather  in  the  Sangamon  Interglacial  interval. 
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post-IUinotan  or  Sangamon  interval.    The  Toronto  beds  exhibit  the  foUowing 
section  (figure  S) : 

Boulder  clay  numbei  4. 48  feet 

Sustified  mukI  overiying  stimti&ed  dmy. 36  " 

Boulder  cUy  oumbec  3 32  " 

Saty  land,  uppa  Ikycts  ciuinpled 2S  " 

Boulder  day  number  2 9  " 

CroM-bedded  aaad. 29  " 

Boulder  day  number  1.. 24  " 

Foauliferoua  iand{. 
Petty  day 

Below  Lake  Ontario  (Don  beds) ..." 3S  " 

Boulder  day  (lUinoian  till) x  " 

HudMQ  River  ihaJes x  " 

Height  of  lection _ 389    " 

After  the  Illinoian  invasion,  the  ice  must  have  receded  in  much  the  same 
manner  as  during  the  Wisconsin  waning,  fonning  lakes  compajable  to  glacial 


Dur«M    tHU^eH  Ltv.l  .>    t.OMT.BIO 

RlUtFt 

Figures.    Section  ofstr>ta.atScarboro  Heights,  near  Toronto,  Ontario. 

I    L     Boulder  clay  number  4 48  fcet,  354  leet  above  the  Uke 

H  TI.    Stratified  sand  overlying  stratified  clay.  36  feet,  306 

G  III.  Boulder  day  Number  3 32  feet,  270     ■ 

F  IV.  Sllty  sand  the  upper  layers  crumpled 25  feet,  238 

E  V.     Boulder  clay  number  2 9  feel,  213 

D  Cross-bedded  sand ,29  feet,  204     ' 

C  Boulder  day  number  1 24  feet,  175     ' 

B  FossUiferoua  sand 59  feet,  151     ' 

A  Peaty  day .92  feet,   92     ' 

Level  of  Lake  Ontario x  k 

The  Iroquois  terrace  and  the  bed  of  the  old  Dutch  Church  River  are  also  shovm  (After 
Coletnau,  Bull.  GeoL  Sac.  Amer.,  X,  figure  4). 

lakes  Whittlesey,  Warren,  Insquois,  and  possibly  including  other  series  of 
lakes  in  the  west,  like  Algonquin  and  Nipissing.    The  level  of  this  intergladal 
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lake  was  at  first  about  that  of  the  present  Lake  Ontario  (possibly  somewhat 
lower),  but  later  rose  to  60  feet  (Don  beds)  and  finally  to  150  feet  above  the 
present  level  (Scarboro  beds).  This  change  of  level  was  due  probably  to  the 
rising  of  the  outlet  at  the  east  end  of  the  Ontario  basin  (differential  elevation). 

Previous  to  the  fonnation  of  the  Don  beds  the  underlying  niinoian  boulder 
clay  had  been  eroded  by  streams  to  a  depth  of  15  feet  (the  lower  portion  being 
in  shale  rock).  A  rich  forest  of  deciduous  and  coniferous  trees  had  also 
migrated  northward,  and  the  mammoth,  mastodon,  and  bison  roamed  the  coun- 
try. The  great  variety  of  this  forest  covering  is  indicated  by  the  number  of  spe- 
cies of  plants  which  have  be^  found  in  this  deposit.    These  are  listed  below  : 


Acer  pleistocenicum 

"    spicahtm 

"    toronUmetuis 
Asiminia  triloba 
Carya  alba 
Cercis  canadensis 

Chamaecyparis  sphaeroidea  (^tkyoides) 
Chara  species 
Cleikra  alnifolia 
Crataegus  punctata 
Cyperaceae  species 
Eriocaulon  sptdes 
Praxinus  americana 

sambuciformis  ('^ nigra) 
quadrangulata 
Pestucaovina 
Gleditsia  danensis 
Hippuris  vulgaris 
Hypnum  species 
Juniperus  virginiam* 
Larix  americana  (^laricina) 
Maclura  auranOaca  {^pomifera) 


»i 


>» 


Ostrya  virginica 

Picea  nigra  {^mariana) 

"    q>edes 
Pinus  strobus 
Platanus  occidentalis 
Poptdus  balsamifera 

"       grandidentata 
Prunusspedes 
Quercus  alba? 

acuminata  {^muUenbergerO) 

macrocarpa 

oblongifolia 

obtusiloba  (^steUata) 

rubra 

tinctoria  {^vduHna) 
Robinia  pseudthocacia 
SaUx  species 
Taxus  canadensis 
Thuja  occidentalis 
Tilia  americana 
Ulmus  americanus 

"    racemosa 
Vaccinium  uliginosum 


Of  the  above  species  three  are  extinct,  Acer  pleistocenicum,  A.  torontonerms, 
and  GledUsia  danensis.  The  waters  of  the  intergladal  lake  teemed  with  mol- 
lusks,  over  40  species  having  been  recorded,  as  noted  below: 


Pelecypoda* 

Pusconaja  undata  (^trigona) 

"    '   soUda 
Crenodonta  undukUa 
Quadrula  pttstulosa 

"     pustulosa  schoolcraftensis 
Pleurobema  coccinewfn 
pyramidatum 
clava 


ft 


tt 


Gastropoda 
Campeloma  decisum 
Pleurocera  elevatum 

devatum  lewisii? 

subulare 
Goniobasis  depygis 

"  haldemani 
Somatogyrus  isogonus 
Amnicola  limosa 


ft 


It 
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EUipOo  gibbosus  Ammcola  limosa  perata 
AnodotUa  gramdis  "        emarginala  ('^obtusa) 

Ptychohranchus  pkasedus  "        cincinnaUensis  {''sayana) 

Eurynia  rtcta  Valtata  trUarinata 
LampsUis  luteola  **    sincera^ 

"     veiUricosai'^occidens)  Pkysa  ancittaria 
Sphaenum  sidcatmm  ('^simile)  "     keterasUropka 

"        rkambaideum  Planorhis  hicaHnatus  {^antrosus) 

"         striatinum  "        parvus 

**         solidulum  Galha  elodes 
Pisidium  adamsi  ^*  chrussa  {^desidiosa) 

"       compressum  Succinea  a/oara 

"       mndxfracense  Bifidaria  armifera  ("ormata) 

Several  C3^rids  and  beetles  (mostly  wings)  have  also  been  obtained  from 
these  beds.  The  mammoth  or  mastodon,  the  bison  and  a  fish  comprise  the 
vertebrate  fauna. 

A  study  of  the  biota  of  the  Don  beds  suggests  (as  previously  stated  by 
Coleman  and  Penhallow)  that  during  the  Sangamon  interval  a  warm  climate 
prevailed  m  this  region,  as  warm  or  warmer  than  the  present,  perhaps  like  that 
of  southern  Ohio  or  Pennsylvania.  Such  plants  as  the  paw-paw  {Asiminia 
tri!oba)y  the  osage  orange  {Madura  auratUiaca),  as  well  as  species  of  maple, 
ash,  oak,  hickory,  elm  and  basswood,  indicate  a  genial  climate.  (See  Penhal- 
low, Trans.  Roy.  Soc.  Can.,  X,  page  67, 1904).  The  unionid  molluscan  fauna 
also  indicates  the  same  thing.  Three  species,  sdida,  dava,  and  pyratrndaia 
do  not  now  live  in  the  St.  Lawrence  drainage,  being  confined  to  the  Ohio  and 
Mississippi  valleys,  farther  south.  Four  species,  phaseduSy  coccineum^  ptistu- 
losus,  and  undata  still  live  in  Lake  Erie,  but  not  in  Lake  Ontario.  The  other 
species  are  now  common  in  Lake  Ontario  and  tributary  streams.  Of  the 
gastropods,  Pleurocera  devatum  lewisii  and  Goniobasis  depygis  do  not  now  live 
in  the  Ontario  basin.  The  molluscan  fauna  is  strongly  indicative  of  the 
Mississippi  Valley  region,  all  of  the  species  enumerated  being  found  at  the 
present  time  within  its  borders.  The  postglacial  origin  of  the  fiuviatile  biota, 
therefore,  must  have  been  in  this  region,  where  they  had  been  crowded  by  the 
Illinoian  ice  invasion.  From  here,  via  an  outlet  at  Chicago  or  perhaps  one  at 
the  western  end  of  Lake  Erie  (like  the  Fort  Wayne  outlet)  the  aquatic  life 
returned  and  repeopled  the  devastated  territory. 

Immediately  above  the  Don  beds  is  a  deposit  of  stratified,  peaty  clay,  92 
feet  in  thickness,  the  thin  sheets  of  peaty  material,  mixed  with  mica  scales, 
occurring  every  inch  or  two.  These  peaty  layers,  which  may  well  represent 
annual  floods,  when  a  Laurentian  river  from  Georgian  Bay  built  up  a  delta  of 
clay  and  sand  in  Scarboro  Bay  extending  to  the  north,  and  communicating  with 

"» Simpson  (Proc.  U.  S.  Nat.  Mus.,  XVI,  p.  593)  says  of  tWs  species  "remarkably  de- 
pressed"; it  probably  should  be  referred  to  Vdtata  bicarinata  perdepressa.  Pleurocera  pallia 
dumf  is  mentioned  by  Simpson,  but  does  not  appear  in  Coleman's  lists. 
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a  large  lake  150  feet  higher  than  the  present  Lake  Ontario,  contain  the  remains 
of  the  largest  single  fossil  insect  fauna  at  present  known,  embracing  31  genera 
and  72  species.    The  late  Dr.  S.  H.  Scudder  enumerates  the  following  species:^^ 


Family  Carabidae 

EUpkrus   irregularis 

Pterostickus  fractus 

Loricera  fjiacialis 

'*             desiructus 

"    lutosa 

gdidus 

"    exita 

depietus 

Nebria  abstracta 

Badister  atUecursor 

Bembidium  glacuUum 

Plalynus  casus 

"         haywardi 

"       hindei 

"         vestigium 

"        haUi 

"         vanum 

"       dissipatus 

"         preaeterilum 

"       desuetus 

"         exfietum 

hartHi 

"         damnosuni 

"       delapidatus 

Patrehus  gdalus 

"       exterminatms 

"       decessus 

''       inUrglacialis 

"       frigidus 

"       ifUerittts 

Pterostickus  abrogatus 

"       longaevus 

desHtulus 

Harpalus  condiius 

Family  Dytlsddae 

Codambus  dereliclus 

Hydroparus  inanimatus 

"        cribrarius 

"             inundatus 

"        infemalis 

"              sectus 

**        disjectus 

Agabtts  perditus 

■ 

Family  Gyrinidac 

Gyrinus  confinis 

Family  Hydrophilidae 

Cymbiodyia  exstincta 

^ 

Family  Staphylinidae 

Gymnusa  absens 

Lathrobium  frustum 

Quedius  deperditus 

Oxyporiis  stiriacus 

PMUnUkus  claudus 

Bledius  glaciatus 

Cryptobium  deieclum 

Geodromicus  stiricidii 

"         cinctum 

Acidota  crenata  (var.  nigra) 

IMhrobium  inter glaciale 

Arpedium  stiUicidii 

"         antiquaium 

Olopkrum  celatum 

debiliUUum 

"       arcanum 

''         exesum 

defectum 

inkibUum 

Family  Chrysomelidae 

Donacia  sliria 

Donacia  pompatica 

»••  Contr.  to  Can.  Pal.,  1895.    Sec  also  bibliography  atcnd  of  this  volume. 
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Famfly  Curoilionidae 

Erycus  consumptus  Orckestes  amts 

AtUhonomus  eversus  Cenirifius  di^unctus 

"        fossUis 


"         lapsus 


PUoeosinus  squaiidens 


Family  Scol3rtidae 


The  plants  first  observed  in  the  Scarboio  beds  number  oyer  a  dozen  species, 
as  noted  below: 

Ahies  balsamea  Hypnum  revoivens 

AlnustptcxB  (^Drepanocladus  intermedius) 

Carex  aquatUis  *  Larix  americatta 

"    reticulata  Lycopodium  species 

Equisetum  spedes  Oxycoccus  patustris 

FonHnaUs  qiecies  Picea  alba  {» canadensis) 

Hypnum  commuiatum  *  Salix  vpedm 

*  Vaccinium  uliginosum 

Later/*^  Coleman  adds  seven  species  of  plants  from  the  Scarboio  beetle 
beds.    The  plants  were  identified  by  W.  L.  McAtee. 


Scirpus  fiuiiaUlis  Chenopodium  tptdicn 

Potamogeton  spedes  Brasenia  purpurea 

CeratopkyUum  demersum  Prunus  d.  pennsyhanicus 
Polygonum  spedes 

The  plant  and  beetle  remains  indicate  a  period  when  the  climate  was  much 
colder,  like  that  of  Labrador,  perhaps,  cold  and  wet.  It  is  to  be  noted  that 
the  rich  fauna  of  the  warm  temperate  climate  has  mostly  disappeared  the  spe- 
des bdng  replaced  by  those  able  to  withstand  the  rigors  of  a  cold-temperate 
winter.  Only  three  species  of  plants  are  common  to  both  deposits.  These 
are  indicated  in  the  above  list  by  an  *.  All  but  two  of  the  72  species  of  beetles 
are  extinct,  a  significant  fact,  indicating  that  this  group  of  animals  has  not  yet 
reached  a  static  condition,  but  is  now  passing  thru  a  period  of  active  evolution. 
The  great  number  and  variety  of  species  now  Uving  also  indicates  the  same  con- 
dition. 

The  pe^ty  clay  is  covered  with  59  feet  of  stratified  sand,  containing  a  few 
moDusks,  trees,  and  vertebrates,  which  have  been  identified  as  follows: 

Trees 
Abies  balsamea  Larix  americana  i'^kmcina) 

Mdlttsks 

Sphaerium  Jabale  Planorbis  tptdtt 

"        rhomboideum  Lymnaea  spedes 

Vahaia  tricarinata 

>»^  Bull.  ticoL  Soc.  Amer.,  XXVI,  p.  247. 


•       THE  nXINOIAN  ICE  INVASION  333 

Vertebrates 

Mammoth  Bison  bison 

MammtU  americanum  Rangifer  caribou 

These  beds  were  apparently  laid  down  in  a  shallowing  lake  where  the 
waves  formed  sand  flats  and  bars,  and  where  an  interglacial  river  Humber 
from  the  west  brot  down  sand  and  gravel.  The  shells  occur  in  the  upper 
layers. 

Following  the  period  of  the  cold  temperate  climate  the  lake  fell  and  the 
beds  were  eroded  by  three  interglacial  streams,  situated  near  Rough  Creek, 
Highland  Creek,  and  in  the  Dutch  Church  Valley.  At  a  later  period  the  entire 
region  was  successively  covered  by  three  till  sheets,  representing,  probably,  the 
early  and  late  Wisconsin  invasions. 

The  Sangamon  interval  appears  to  be  represented  near  Hamilton,  at  the 
west  end  of  Lake  Ontario.  Excavations  made  in  Hunter  Street,  of  that  city, 
revealed  the  bones  of  an  elephant  and  pieces  of  wood  at  the  base  of  a  blue  tiU 
referred  to  the  lowan  stage,  but  more  probably  representing  the  earlier  Wiscon- 
sin till.  About  a  mile  to  the  west  of  this  section  manmioth  tusks  and  bones 
were  found  at  a  depth  of  45  feet  beneath  hardpan. 

In  certain  sand  pits  in  western  Toronto,^^'  near  Christie  and  Shaw,  streets, 
there  are  interglacial  deposits  of  cross-bedded  sand  and  gravel  laid  down  by 
powerful  currents.  In  these  beds  the  bones  of  Bison,  Cervakes,  Mastodon  and 
Elephas,  as  well  as  ivory  and  a  few  shells,  have  been  found.  The  relations  of 
these  sands  to  the  other  beds  are  uncertain,  but  they  are  doubtless  interglacial 
and  are  probably  correlative  with  the  upper  Scarboro  beds.  The  Cervakes 
has  been  described  as  C  borealis. 

b.  Other  Canadian  Deposits 

Interglacial  deposits  occur  in  various  places  along  the  Canadian  shore 
of  lakes  Erie  and  Ontario*  Strata  of  this  age  have  been  studied  at  Port  Rowan, 
Norfolk  County;  Brosiville,  Leeds  County;  Prescott,  Greenville  County;  and 
Cornwall,  Stoimont  County.  A  generalized  section  is  shown  below.^^  (This 
section  applies  especially  to  the  Ontario  peninsula). 

Possible  correlation  Formation 

Postglacial  1.  Clay  and  sand  with  gravel  near  the  summit;  contains 

Afacoma. 
Wisconsin  till.  2.  Boulder  clay. 

^3.  Arenaceous  and  silty  beds. 

4.  Gray,  partially  oxidised,  brownish  clay,  thinly  stra- 
tified, sandy  in  q>ots.    The  Sangean  clay. 

5.  Stratified,  bluiah-gray  clay.    The  Erie  day,  with 
fossils. 


Sangamon  interval. 


>•*  Faull,  The  Natural  History  of  the  Toronto  Region,  Ontario,  Canada,  p.  72. 
>M  CSialmers,  Can.  GeoL  Surv.,  Rep.,  1901,  pp.  167-168  A,  1905. 
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Illinoian  till.  6.  Boulder  day,  usually  a  thin  sheet. 

7.  Decomposed  rock  in  situ. 

8.  Surface  of  fundamental  rock. 

The  lowan  till  does  not  appear  to  be  present  in  this  part  of  the  country. 
The  following  fossils  have  been  secured  from  number  5  of  the  section. 

Campeloma  species 
Succinea  ohliqua  {'^ovalis) 
Palygyra  tkyroides 

In  the  vicinity  of  Lake  Simcoe,  Ontario,  two  till  sheets  occur,  separated  by 
stratified  sand,  gravels,  and  clays.  The  lower  till  is  only  exposed  in  the  beds  of 
streams  where  it  is  seen  to  be  composed  of  hard,  compact  sandy  clay  till  without 
stratification  and  with  polished  and  striated  boulders.  Some  of  the  best  sec- 
tions are  in  the  bed  of  Lovers  Creek,  about  one  mile  east  of  Allendale.  The 
tipper  till  in  places  forms  but  a  thin  veneer  over  the  intergladal  sands  and 
gravels."* 

On  the  Hudson  Bay  slope  interglacial  deposits  occur  on  Moose  River, 
fifty  miles  from  the  mouth,  and  at  the  foot  of  Long  Portage,  Missinabi  River,  a 
tributary  of  the  Moose.  The  first  deposits  are  lignitic,  the  second  coarse  peat. 
Penhallow^''  records  the  following  plants  from  these  strata.*^ 

Laris  omencana  {^laricina).    (1) 

Pkea  nigra  ( ■■  maria$M) .    (2) 

Distickium  capiUacenm  {^Dichdyma  capiUaceum)  (2) 

Hypnum  recurvans  (2) 

Lycopodium  species    (2) 

South  of  James  Bay  a  number  of  interglacial  deposits  have  been  observed, 
but  it  is  not  known  whether  they  are  referable  to  the  Peorian  or  to  the  Sanga* 
mon  interval.    These  are  briefly  described  below  :*•* 

(1)  Beds  of  lignite  on  Kenogami  River  in  the  bottom  of  an  old  channel 
excavated  in  the  till  and  again  fiUed  by  boulder  clay.  The  bed  contains  sticks 
of  coniferous  wood  and  of  the  canoe  birch.  No  animal  reniains  have  been 
noted. 

(2)  In  the  bank  of  Coal  Brook,  three-fourths  of  a  mile  from  its  junction 
with  the  Missinabi  River.  The  bed  is  three  feet  thick,  and  is  underlaid  by  soft 
sticky  blue  clay  and  overlaid  by  70  feet  of  till  full  of  small  pebbles  passing  into 
gravel  at  the  top. 

(3)  Nineteen  miles  below  Coal  Creek  on  the  Missinabi  River,  there  is  a 
seam  of  lignite  1H~~2^  ^cet  thick,  made  up  of  sticks  and  rushes;  80  feet  of 

>"  Johnston,  Can.  Gcol.  Surv.,  Summary  Rep.,  1912,  p.  299, 1914. 

»«  Trans.  Royal  Soc.  Can.,  X,  pp.  56-76, 1904. 

^"  (1),  Moose  River  locality;  (2),  Missinabi  locality. 

»•*  Bull.  Gcol.  Soc.  Amer.,  IX,  pp.  385-386,  1898. 
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yellow  weathered  gray  clay  lies  below  and  45  feet  of  blue  clay  is  above  this  bed; 
both  beds  are  filled  with  pebbles. 

(4)  Three  miles  below  Woodpecker  Island  and  nine  miles  above  the  mouth 
of  Opazatika  River,  there  is  a  bed  of  lignite,  6  feet  thick  (diminishing  to  west- 
ward) made  up  of  mosses  and  sticks  in  shale-like  form.  A  section  is  shown  be- 
low: 

Hard  drab  clay,  with  striated  pebbles  and  boulders 10  feet 

Parti-colored  clay,  with  marine  fossils 5    " 

Lignite 6    '* 

Clay  and  lignite 1     " 

Unstratified  drift 40    " 


Depth  of  section 62 


tr 


Interglacial  strata  have  been  noted  in  Nova  Scotia,^*^  but  no  biotic  material 
has  been  observed.  Three  glacial  and  two  interglacial  periods  are  indicated 
but  not  named. 

III.  Systematic  Catalog  of  the  Biota  of 
THE  Sangamon  Interglacial  Interval 

PLANTS 

BRYOPHYTA 
FONTINALACEAE 

FarUinalis  species  Dichelyma  capiUaceum    (L.)  Schimp. 

Hypnaceae 

SematopkyUum  recurvans  (Michz.)  E.  G.  Britton 
Drepanocladus  intermedius  (Lindb.)  Warnst. 
Hypnum  (?)  commukttum  Hedw." 

Characeae 
Char  a  species 

PTERIDOPHYTA 

Equisetaceae 
E^isetum  species 

Lycopodiaceae 
Lycopodium  species 

SPERMATOPHYTA 

GYMNOSPERMAE 

Taxaceae 
Taxus  canadensis  Marsh  Taxus  minor  (Michz.)  Britton 

**  Prest,  Proc.  and  Trans.  Nova  Scotia  Inst.  Sci.,  IX,  pp.  158-170. 
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PlNACEAE 

Pinus  strcbus  L.  Picea  canadensis  (Mill.)  BSP. 
Abies  halsamea  (JL.)  urn:  "   mariofM  (MiU.)  BSP. 

Lanx  hricina  (DuRoi)  Koch.  Juniperus  tirginiana  L. 

Tkuja  ouidenUdis  L.  Chamaecy^aHs  tkyaides  (L.)  BSP. 

ANGIOSPERMAE 

MONOCOTYLEDONEAE 

Najadaceae 
Polamogetan  sptdcB 

Graminae 
PesiucaavinaL. 

Cyperaceae 

Carex  aquaUUs  Wahlenb.  Carex  reticulata 

Scirpus  flunatiiis  (Torr.)  Gray 

Eriocaulaceae 
Erieccaulon  species 

DiCOTYLEDONEAE 

Saucaceae 

Salix  spedes  Populus  grandidentaia  Michz. 

"       balsami/era  L. 

Ceratophyllaceas 
CeraiopkyUum  demersum  L. 

JUGLANDACEAE 

Carya  alba  (L.)  K.  Koch 

Betulaceae 

Oslrya  virginiana  (Mill.)  K.  Koch  Alnus  species 

BeUilaalbaL, 

Fagaceae  ^ 

Fagus  grandifolia  Elrh.  Quercus  muklenbergerii  Engelm. 
Quercus  alba  L.  (?)  "       fduHna  Lam. 

"      macrocarpa  Michx.  "      stellata  Wang. 

"      rubra  L.  "      oUangifolia  Tomy 

Urticaceae 

Ulmus  americana  L.  Maclura  pomifera  (Raf.)  Schneider 

"    f octfffiof a  Thomas 

Nymphaeaceae  ( 

Brasenia  purpurea  Ca^. 

Anonacxae 
Asiminia  triloba  Dunal. 

Platanaceae 
Platanus  occidentalis  L. 


VlTACEAE 

Tiuacx:a£ 
Halosagidaceae 
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ROSACEAE 

Crataegus  punctata  Jacq.  Primus  cf .  penns^vamca  L. 

Prunus  species 

Leguiokosae 

GUditsia  danensis^tThaXioiw  Robinia  pseudo-acacia  L. 

Cercis  canadensis  L. 

Acebaceae 

Acer  pieistocenicum  PenhaUow  Acer  spicatum  Lam. 

"    torontonensis  Penhallow  "    rubrum  L. 

Sapindaceae 
Aesculus  glabra  Willd. 

Vitis  species 

Tilia  americana  L. 

Hippuris  vulgaris  L. 

Eucaceae 
Oetkra  almfoUa  L.  Vaccinium  uUginasum  L. 

Oleaceae 

Prasinus  americana  L.  Fraxinus  nigra  Manh 

**       guadrangulata  Mic|u. 

CUCUKBITACSAE 

Eckinocyslis  khata  (Michx.)  T.  &.  G. 

ANIMALS 

MOLLUSCA 

PELECYPODA 

Unionidae 

Fuscanc^a  undata  (Barnes)  EttipUo  gibbosus  (Barnes) 

s(dida  (Lea)  Arcidens  canfragcsus  (Say) 

ebena  (Lea)  Anodonta  grandis  Say 

Crenodanta  undulata  (Barnes)  "        grandis  foottana  Lea 

Quadrula  puslulosa  (Lea)  "        marginata  Say 

"     ^Udasa  schockri^tensis  (Lea)  Ptychobranchus  pbasedus  (ICldreth) 
Pleurobema  coccineum  (Conrad)  Nepkrona^as  ligamentina  (Lam.) 

pyramidatum  (Lea)  Emyma  recta  (Lam.) 

da^a  (Lam.)  '  LampsiUs  luteola  (Lam.) 

"        ventricosa  (Barnes) 

Spbaeiujldae 

Sphaerktm  suhaHtm  (Lamarck)  Pisidium  faUax  Sterki 

**        striatimm  Qiatm.)  "       ^imcto/MM  Sterki 

"        aa$mHeum  (Conrad)  "       compressum  Prime 
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Spkaerium  soUdidum  (Prime) 
rhombcideum  (Say) 
fabale  (Prime) 
Pisidium  walkeri  Sterki 

cfticiaium  Sterki 


)» 


}> 


ji 


Pisidium  variabiU  Prime 

tirginicum  (Gmelin) 
adamsi  Prime 
novebaracense  Prime 
ahdilum  Haldeman 


>> 


>* 


»» 


>t 


If 


GASTROPODA 

HELICimOAE 

Hdicina  occtdta  Say 

Pleurocerioac 

Pleurocera  subulare  (Lea)  Goniobasis  depygis  (Say) 

e{«90/«fff  (Say)  "         AoUrffiam  (Tryon) 

devalum  lewisii  (Lea)  '    Anculosa  costata  Anthony 

ViVIPARIDAE 

Campdoma  decisum  (Say)  Campdoma  subsolidum  (Anth.) 

AlfNICX>LIDAE 

Amnicola  limosa  (Say)  Samatogyms  depressus  Tryon 
litnosa  poraia  (Say)  *'         isogonus  (Say) 

emarginata  (KOster)  BythineUa  tenuipes  Couper 

cincinnatiensis  (Lea)  Pomaiiopsis  lapidaria  (Say) 

Valvatidae 

Valvata  bicarinaUi  perdepressa  Walker 


»» 
ft 


Valtata  tricarinata  Say 
sincera  Say 


i» 


Physa  heleroslropha  Say? 
ancillatia  Say 


>> 


/!  ncylus  tardus  Say? 
ritularis  Say 


Physidae 

Aplexa  kypnorum  (Linne) 

Ancylidae 

Ancylus  paraUelus  Hald. 


If 


Planorhis  antrosiis  Conrad 
**        irhohis  Say 
partus  Say 


>» 


Planorbioae 

Planorbis  defiechu  Say 

a/6ii5  MttUer  ( »  AiW n/mj  Gould) 
SegmetUina  armigera  (Say) 

Lyicnaeidae 

Lymnaea  slagnalis  appressa  Say  C7a^a  obrussa  (Say) 

humUis  modicella  (Say) 
caperala  (Say) 


Ga(6a  paluslris  (MUller) 
"     ff/lexa  (Say) 
'^     «/(w/e5(Say) 


Caryckium  exiguum  (Say) 

VaUonia  perspectiva  Sterki 
"       cw/fl/a  (Mailer) 
"       cychphordla  Ancey 


AURICULIDAE 

Caryckium  exile  H.  C.  Lea 

Valloniidae 

VaUonia  gracUicosta  Reinh. 
pulcheUa  (Mttller) 


tt 
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CocUkopahhrica  (AlaUer) 


Vertigo  tridenkUa  Wolf 

"     datior  Sterki 
PupiUa  muscarum  (Linne) 

"•    blandi  Morse 
LeucockUa  fallax  (Say) 
Bifidana  aftnifera  (Say) 
amiracta  (Say) 


cocsucopidae 

Pdpiludae 

Bifidaria  kolzingeri  Sterki 
corticaria  (Say) 
pentodim  (Say) 
Pupoides  marginatus  (Say) 
SirobUops  labyrifUkica  (Say) 
affims  Pilsbiy 


>} 


}> 


jj 


» 


Succinea  aoara  Say 
f «ff»a  Say 


» 


SUCCINEIDAE 

Succinea  avalis  Say 

grosienori  Lea 


» 


Endodontidae 

5^AyraJ»«m0Jeit/fJf«miil^icatoIngersoll  Pyramidula  perspecUia  (Say) 
Pimctum  pygmaeum  (Draparnaud)  "  altemata  (Say) 

Hdicodiscus  paraUdus  (Say)  "  solilaric  (Say) 

Pyramidula  cronkhitei  anlhonyi  Pilsbry   Oreohdix  iowensis  (Pilsbry) 


GasirodofUa  ligera  (Say) 
ZomUndes  arborea  (Say) 

yti^iia  (Muller) 
Euconulus  fulvus  (Mtilier) 

Cirdnaria  concata  (Say) 


ZONITIDAE 

Ft^fM  hammanis  (Str5m.) 
indenkUa  (Say) 
wheaUeyi  (Bland) 

Omphalina  inonuUa  (Say) 

ClSaNAKHDAE 


» 


» 


Polygyra  monodtm  (Rackett) 

"  fratema  (Say) 

"  hirsuta  (Say) 

"  mikkdliana  (Lea) 

"  ctofua  (Say) 

"  tkyroides  (Say) 

"  pennsylvanica  (Green) 

"  e/^foto  (Say) 

"  paUiaia  (Say) 


Helicidae 

Polygyra  muUUineaia  (Say) 

''  z<iJeto  (Binney) 

"  albolabris  (Say) 

"  profunda  (Say) 

"  infiecta  (Say) 

"  sUnotrema  (Per.) 

"  uppressa  (Say) 

"  tridmUUa  (Say) 


Cypris  species 


ARTHROPODA 

CRUSTACEA 

Ostracod,  species 

INSECTA 


COLEOPTERA 

Cakabidae 
Carabus  maeander  sangamon  Wickham    Pteroslichus  fractus  Scudder 


EUpkrus  irregularis  Scudder 
Loricera  glacialis  Scudder 


9f 


» 


desiructus  Scudder 
gdidus  Scudder 
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Laricera  lytasa  Scudder 
"      a»te  Scudder 
NeMa  abstrada  Scudder 
Bembidium  gfaciaktm  Scudder 
kaywardi  Scudder 
nsHgium  Scudder 
fomim  Scudder 
^<i«teftlinii  Scudder 
exfidmm  Scudder 
daimnoswm  Scudder 
fragmentum  Scudder 
Pttrobus  gdaius  Scudder 
d^essus  Scudder 
frigidus  Scudder 
kendawi  Wickham 
Pterostickus  ahrogaius  Scudder 
desHiuius  Scudder 


n 


•» 


>» 


w 


f» 


If 


»> 


n 


»f 


»» 


II 


Pterostickus  depUtus  Scudder 
"  darmitans  Scudder 

Badister  antecwsor  Scudder 

Platynus  casus  Scudder 
hindei  Scudder 
haUi  Scudder 
dissipatus  Scudder 
desuetus  Scudder 
karttii  Scudder 
ddapidakis  Scudder 
exterminatus  Scudder 
ifUerglacialis  Scudder 
subgeUdus  Wickham 
interitus  Scudder 
pleistocenicus  Wickham 
longavus  Scudder 

Chtaenius  pticatipennis  Wickham 

Harpalus  conditus,  Scudder 


ti 


II 


II 


i> 


II 


II 


II 


II 


II 


II 


II 


II 


Coelambus  derettctus  Scudder 
"  cribrarius  Scudder 
"  infemaUs  Scudder 
disjectus  Scudder 


II 


Dytiscidae 

Hydroporus  inanitnatus  Scudder 
"         inundatus  Scudder 
"         sectus  Scudder 
Agabus  perditus  Scudder 
savagei  Wickham 
praelugens  Wickham 

Gyrinidae 


II 


II 


Gyrinus  canfinis  LeConte 


Hydrophilidae 

Cymbiodyta  exstincta  Scudder  Helopkorus  regescens  Scudder 

Hydrochus  amictus  Scudder 


Gymnusa  absens  Scudder    • 
Quedius  deperdUus  Scudder 
Pkikmtkus  claudus  Scudder 
Cryptobium  detectum  Scudder 
"        cinctum  Scudder 
Lathrobium  interglacialc  Scudder 
anUquatum  Scudder 
ddnlitatum  Scudder 
'*         exesum  Scudder 
inhibitum  Scudder 


II 


II 


II 


Staphyldodae 

Lathrobium  frustum  Scudder 
Oxyporus  stiriacus  Scudder 
Btedius  glaciatus  Scudder 
Geodromicus  stiricidii  Scudder 
Acidota  crenata  Fabr.  (Var.  nigra) 
Arpedium  stiUicidii  Scudder 
Otopkrum  celatum  Scudder 
arcanum  Scudder 
dejectum  Scudder 
interglacialc  Wickham 


II 


II 


II 


Donacia  stiria  Scudder 


Chrysoicelidae 

Donacia  pompatica  Scudder 
styrioides  Wickham 


It 
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CURCUUONIDAE 

Erycus  consumptus  Scudder  Antkonomus  lapsus  Scudder 

Anihonomus  ewersus  Scudder  Orckestes  a»us  Scudder 

"         fossUis  Scudder  CetUrinus  disjundus  Scudder 

SCOLYTIDAE 

Phlceosinus  squalidens  Scudder 

VERTEBRATA 

PISCES 
Genus  et  species  incertx  cedis. 

REPTILIA 

ElfYDEDAE 

ferrapane  Carolina  (Linn.) 

MAMMALIA 

Megatheriidae 
Megahnyxjeffersoni  (Desmarest)  Mylodon  harlani  Owen 

Equidae  •    i 

Equus  camplicatus  Leidy  E4iuu5fralemus  Leidy 

Tapiridae 
Tapirus  haysii  Leidy 

TAYASSUroAE 

Plaiygonus  compressus  LeConte  Tayassu  lenis  (Leidy)  (?) 

vetus  Leidy  (?) 

Cervtoae 

OdocoUeus  virginianus   (Zimm.)  Alces  americanus  Clinton 

Cervus  canadensis  Erzlaben  Rangijer  caribou  (Gmelin) 

Cenakes  scoUi  Lydekker  Cervakes  borealis  Bensley 

BOVIDAE 

Bison  laiijrons  (Harlan)  Bootherium  bombifrons  (Harlan) 

"    aniiquus  Leidy  Ovibos  moschalus  Zimm. 

Symbos  cavijrons  (Leidy) 

ELEPHANTroAE 

Mammut  americanum  Kerr.  EUphas  primigenius  Blumenbech 

"      columbi  Falconer 

Castoroididae 
Casloroides  ohioensis  Foster 

Ursidae 
Ufsus  procerus  Miller 

Canidae 
Urocyon  cinereoargentatus  Schreber  (?) 
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IV.  SUMMAR\ 

Deposits  referable  to  the  Sangamon  Interglacial  interval  extend  from  Iowa 
thru  southern  Illinois,  Indiana  and  Ohio  to  New  York.  Northward  they  have 
been  recognized  at  Toronto,  Canada,  and  near  James  Bay,  as  well  as  in  Minne- 
sota, Wisconsin  and  Michigan.  It  was  an  interval,  therefore,  of  wide  extent 
and  also,  probably,  of  long  duration.  The  soil  horizons  and  the  peat  deposits 
as  well  as  the  amount  of  erosion  bear  evidences  of  a  long  period  of  exposure  to 
the  air.  The  old  forest  beds  are  the  most  extensive  of  any  interglacial  interval, 
and  are  widely  scattered,  being  especially  well  preserved  in  Iowa,  Illinois, 
Indiana,  Ohio,  Wisconsin  and  Ontario. 

The  climate  varied  as  was  the  case  in  the  Yarmouth  interval,  there  being 
evidences  (especially  at  Toronto)  of  a  warm,  a  temperate  and  a  cold  clunate. 
Loess  deposits  were  formed  on  the  Sangamon  soils  and  cover  a  wide  extent  of 
territory  along  the  Mississippi,  Illinois,  Ohio  and  other  valleys,  indicating  a 
period  of  dry,  windy  conditions.  Land  moUusks  were  abundant,  as  in  the 
post-Kansan  loess. 

A  large  lake  was  present  in  the  Ontario  basin,  comparable  in  size  (probably) 
to  the  Lake  Ontario  of  today.  Coleman  thus  summarizes  the  lake  conditions 
in  the  Ontario  region:  "Reviewing  the  old  water  levels  of  the  Ontario  basin 
.  .  ,  ,  we  find  that  the  records  commence  with  the  Toronto  formation  at  the 
middle  of  an  inter-glacial  period,  and  that  the  succession  may  be  represented 
in  the  following  table: 

(1)  Don  Stage,  warm  climate,  fresh- water  shells,  dammed  by  differential 
elevation  toward  the  northeast  to  about  60  feet  above  present  lake.  Succes- 
sor to  Laurentian  River  enters  north  of  Toronto. 

(2)  Scarboro  stage,  cold  temperate  climate,  fresh-water  sheUs,  deposit 
conformable  with  those  of  last  level,  but  reach  145  feet,  and  consist  of  delta 
materials  of  Laurentian  River. 

(3)  Low  water  stage,  with  subaerial  erosion  and  cutting  of  river  valley 
to  a  depth  below  present  lake  level. 

(4)  High  water  stage,  glacial  or  sub-glacial  climate,  probably  fresh-water 
shells,  ice-dammed  to  a  height  of  at  least  320  feet. " 

That  the  other  lake  basins  were  also  filled  with  water  is  rendered  certain 
by  analogy,  because  the  naiad  fauna  at  Toronto  must  have  migrated  thence 
from  the  Mississippi  Valley  and  this  could  only  have  been  accomplished  by 
way  of  an  interglacial  Chicago  or  Fort  Wayne  outlet.  Evidently  there  were 
lakes  comparable  to  the  postglacial  Chicago,  Whittlesey,  Warren,  Iroquois, 
etc.,  long  prior  to  the  great  waters  which  have  left  the  evidences  of  their  exist- 
ence in  the  old  shore  lines  surrounding  the  present  Great  Lakes. 
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The  biota  of  the  Sangamon  interval  is  the  most  extensive  and  varied  of 
any  of  the  interglacial  intervals,  314  species  being  known,  divided  as  follows: 


Living 

Extinct 

Total 

Plants 

65 

132 

2 

2 

6 

3 

1 

0 

83 

20 

68 

Mollusks 

133 

Crustacea 

2 

Inserts 

85 

Vertebrates 

26 

Total  biota 

207 

107 

314 

The  plants  were  abundantly  represented,  the  Pinaceae  (8)  and  Fagaceae  (8) 
leading  in  the  number  of  species.  The  large  number  of  deciduous  *spedes 
present  is  noteworthy.  The  molluscan  fauna  was  very  extensive,  embracing 
nearly  all  of  the  families  inhabiting  the  temperate  regions.  The  number  of 
pelecypods  is  also  noteworthy,  the  two  families  totalling  35  species.  The 
number  of  pulmonaies  (60)  is  also  striking,  as  is  the  number  of  species  in  the 
genus  Polygyra  (17).  The  plants  and  mollusks  are  practically  the  same  as 
those  now  living  in  the  same  region;  among  the  insects,  however,  all  but  2 
are  extinct.  The  insects  all  belong  to  the  order  Coleoptera,  or  beetles,  and 
of  these  the  families  Carabidae  (41)  and  Staphylinidae  (20)  contain  the  greatest 
number  of  species.  Of  the  vertebrates,  20  or  about  77  per  cent  are  extinct. 
Nearly  all  of  these  belong  to  the  order  Mammalia.  As  in  Yarmouth  time  the 
sloth,  horse,  elephant,  mammoth,  peccary,  bison,  musk  ox,  giant  beaver,  and 
many  deer  roamed  the  woods  and  plains.    Bear  and  wolves  were  also  present. 


CHAPTER  X 

THE  lOWAN  ICE  INVASION  AND  THE  PEORIAN 
INTERGLACIAL  INTERVAL 

I.  The  Iowan  Ice  Invasion 

"The  Iowan  ice  invasion  is  recorded  in  a  thin  sheet  of  till,  marked  by  an 
exceptional  profusion  of  large  granitoid  bowlders  which  lie  chiefly  on  the  sur- 
face and  are  somewhat  aggregated  into  a  bowlder  belt  on  the  eastern  border  of 
the  tract.  The  typical  Iowan  drift  was  formed  by  a  lobe  of  the  Keewatin  ice 
sheet,  occupying  the  north-<:entral  part  of  Iowa.  "^ 

The  Iowan  was  once  thot  to  enter  the  northwestern  portion  of  Illinois' 
but  later  researches  have  shown'  that  the  till  in  this  region  is  to  be  classed  as 
niinoian.  Tayloi^  maps  the  Iowan  as  extending  southeasterly  from  beneath 
the  Iowa  lobe  of  the  Wisconsin  till,  well  toward,  but  not  reaching  the  Mississif^i 
River.  A  smaU  area  fringes  the  Wisconsin  till  in  Wisconsin,  north  of  the  drift- 
less  area.  This  is  also  the  area  of  the  Iowan  given  by  the  Iowa  geologists. 
Whether  there  is  a  lobe  from  Labrador  corresponding  to  the  Iowan  beneath 
the  Wisconsin  till  in  Michigan,  and  farther  east,  is  not  definitely  known.  A 
tiU  shown  in  sections  near  Niagara  Falls  and  at  Toronto  has  been  doubtfully 
referred  to  this  stage.  The  existence  of  this  drift  as  a  separate  till  sheet  has 
been  questioned  by  some  geologists. 

Leverett'  says  of  this  drift,  as  found  in  western  Wisconsin  overlying  Kansan 
drift:  "The  so-called  Iowan  drift  may  stand  in  about  as  close  relation  to  the 
niinoian  as  do  the  later  Wisconsin  moraines  to  the  earlier  Wisconsin.  It  does 
not  seem  to  be  separated  from  the  niinoian  drift  by  a  definite  interglacial  stage 
but  instead  to  represent  a  substage  or  stadiiun  of  the  Illinoian.  It  may,  there- 
fore, be  advisible,  pending  further  study,  to  apply  to  it  the  double  name  Later 
Illinoian  or  Iowan. " 

The  Iowan  geologists,  however,  affirm  the  existence  of  the  Iowan  drift  as  a 
distinct  till  sheet,  unrelated  to  either  the  Kansan  or  Illinoian  drift  sheets. 
Calvin,^  in  an  analytical  paper,  summed  up  the  case  as  follows: 

1.  The  Iowan  drift  is. 

2.  The  Iowan  drift  is  young  compared  with  the  Kansan. 

'  Chamberlin  and  Salisbury,  Geology,  III,  p.  391. 

*  Leverett,  Mon.  38. 

*  Aldcn,  Joum.  Geol.,  XVII,  pp.  694-709. 
« Smith.  Rep.,  1912,  p.  326. 

*  Bull.  GeoL  Soc.  Amer.,  XXIV,  p.  698. 

••  Bull.  Geol.  Soc.  Amer.,  XXII,  pp.  729-730. 


THE  lOWAN  ICE  INVASION  345 

« 

3.  The  lowan  drift  is  not  a  phase  of  the  Kansan. 

4.  The  lowan  drift  has  certain  very  intimate  relations  to  certain  bodies  of  loess. 

5.  The  lowan  drift  has  no  dose  relation  to  the  Illinoian. 

Alden*  affirms  the  existence  of  the  lowan  drift  in  northeastern  Iowa,  coro- 
borating  Calvin's  opinion,  and  remarks  that  "It  is  older  than  the  Wisconsin 
and  seems  to  be  distinctly  younger  than  the  Illinoian"  (p.  119).  Recently, 
Alden  and  Leighton^  have  made  a  very  careful  and  extensive  study  of  the 
lowan  drift,  from  which  "the  conclusion  has  been  reached  that  there  is  what 
seems  to  the  writers  to  be  good  evidence  of  the  presence  of  a  post-Kansan  drift 
sheet  in  northeastern  Iowa  and  that  this  drift  appears  to  be  older  than  the 
Wisconsin  and  younger  than  the  Illinoian  drift.  The  writers  are,  therefore,  in 
the  main  in  agreement  with  the  late  State  Geologist,  Dr.  Samuel  Calvin,  in  re- 
gard to  the  lowan  drift.  There  is,  therfore,  warrant  for  continued  use  of 
lowan  drift  and  lowan  stage  of  glaciation  as  major  subdivisions  of  the  Pleisto- 
cene classification"  (p.  56). 

II.  The  Peorian  Interglacial  Interval 

The  interval  between  the  lowan  and  early  Wisconsin  drifts  has  been  named 
the  Peorian  by  Leverett,'  who  says: "  Extensive  deposits  of  muck  and  peat  at  the 
base  of  the  Wisconsin  drift  in  northern  Illinois,  notably  in  McHenry,  Kane, 
Dekalb,  LaSaUe,  and  Bureau  counties,  are  in  all  probability  immediately 
underlain,  in  some  cases  at  least,  by  lowan  drift.  In  central  and  eastern  Illi- 
nois the  soil  is  in  places  underlain  by  a  fossiliferous  silt,  referred  with  some  con- 
fidence to  the  lowan  loess.  In  eastern  Illinois,  as  noted  above  the  lowan  till 
may  be  present. "  Leverett*s  type  locality,  near  Peoria,  is  unfortimate  because 
the  loess  here  referred  to  the  lowan  is  possibly  post-Illinoian  and  therefore 
equivalent  to  the  Sangamon  interval.  Some  of  these  deposits  may  include 
both  the  Illinoian  and  lowan  loesses,  and  old  soils  between  these  loesses  may 
be  equivalent  to  the  Peorian  interval. 

The  occurrence  of  lowan  drift  in  Illinois  has  been  questioned,  the  fresh 
till  thot  by  Leverett  and  Hershey  to  be  lowan  being  ascribed  to  later  erosion. 
Alden  says:*  "It  is  quite  possible,  if  not  probable,  that  this  till  is  underlain  in 
part  at  least  by  older  drift,  but  that  question  is  not  here  under  discussion. 
So  far  as  the  writer  has  observed  there  is  no  good  ground  for  difiFerentiating 
the  drift  exposed  at  the  s\irface  into  deposits  of  more  than  one  stage  of  glaciation. 
No  intercalated,  weathered  zones,  vegetal  or  other  fossiliferous  deposits  are 
known  to  separate  one  part  of  this  drift  from  another.    Such  as  have  been 

•  Bull.  Geol.  Soc.  Amer.,  XXVII,  pp.  117-119. 

••  Ann.  Rep.  GcoL  Survey  Iowa,  XXVI,  pp.  49-212,  1917. 
'  Illinois  Gladal  Lobe,  p.  185. 

•  Alden,  Joum.  GeoL,  XVII,  p.  696, 1909. 
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penetrated  in  wells  or  otherwise  located  occur  beneath  considerable  thicknesses 
of  this  drift  and  probably  represent  an  earlier  stage  of  degladation. " 

It  seems  evident  that  the  drift  deposits  outside  the  Wisconsin  sheet  in 
Illinois  should  all  be  referred  to  the  Illinoian  invasion  and  hence  most  of  the 
vegetal  and  other  remains  below  the  Wisconsin  till  should  probably  be  re- 
ferred to  the  Sangamon  interval  and  are  to  be  correlated  with  the  old  soils 
overlying  the  Illinoian  drift  in  central  and  Southern  Illinois.  The  name  Peor- 
ian  may  be  retained  for  soils  overlying  the  lowan  drift  in  Iowa  and  for  loess 
overlying  the  Kansan  loess  in  Iowa  and  Illinoian  loess  in  Illinois  and  Indiana. 

III.  The  Iowan  Loess 

It  has  been  shown  by  Shimek  and  other  Iowan  geologists,  that  the  loess  is 
divisible  into  several  horizons,  each  horizon  representing  an  interglacial  inter- 
val.* In  Iowa,  the  lower,  light  bluish  or  post-Kansan  loess  is  covered  by  a 
yellowish  loess  which  is  thot  to  be  post-Iowan  in  age.  The  yellowish  loess  is 
likewise  divisible,  in  certain  parts  of  Iowa,  into  two  deposits,  representing  the 
Peorian  and  Sangamon  intervals.  These  loesses  are  highly  fossiliferous  and, 
according  to  Shimek,  contain  about  the  same  species  of  moUusks.  The  post- 
Iowan  loess  is  widely  distributed  in  Iowa.  Theoretically  there  should  be  three 
loesses  overlying  the  Kansan  drift,  viz.,  1,  the  post-Kansan  (Yarmouth);  2, 
the  post-Illinoian  (Sangamon);  and  3,  the  post-Iowan  (Peorian),  each  with 
fossils.  The  post-Kansan  in  many  places  probably  includes  both  the  Yar- 
mouth and  Sangamon  intervals,  the  Illinoian  ice  not  being  near  enough,  appar- 
ently, to  cause  a  break  in  the  loess  deposits.  The  same  is  true  of  the  Sangamon 
and  Peorian  loesses  outside  the  influence  of  the  Iowan  ice  sheet.  A  typical 
western  section  of  these  deposits  is  exhibited  near  Carroll,  Carroll  County,  in 
the  cut  along  the  Chicago  Great  Western  Railway  northeast  of  the  city.^* 

6.  Wisconsin  drift 1-5  feet 

5.  Yellow  loess  (post-Iowan?)  about 10  feet 

4.  Interval  marking  presence  of  Iowan  ice 

4.  Bluish  gray  loess  (post-Kansan) 5-6  feet 

3.  Black,  mucky,  aoil-like  band  (Yarmouth  soU) 1  foot 

2.  Heavy,  reddish  joint-day  (Loveland) 1  foot 

1.  Kansan  drift x  feet 

Both  loesses  are  fossiliferous  but  the  majority  of  lists  of  fossils  do  not  dis- 
criminate between  the  two  deposits. 

Alden  and  Leighton,*^  after  a  recent  exhaustive  study  of  the  Iowan  loess, 
reach  the  following  conclusion:  ''The  statement,  therefore,  seems  sound,  that 
the  main  sheet  of  loess  under  consideration  was  deposited  immediately  follow- 

•  Shimek,  BuU.  Lab.  Nat.  Hist.,  Univ.  Iowa,  V,  pp.  338-339;  364-368. 

'*  Shimek,  Iowa  Geol.  surv.,  XX,  p.  390. 

>••  An.  Rep.  Iowa  Geol.  Surv.,  XXVI,  pp.  49-212. 
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ing  the  lowan  stage  of  glaciation.  It  is  therefore  a  near-correlative  of  the 
lowan  drift,  though  it  really  represents  the  early  part  of  the  Peorian  stage 
of  deglaciation  (p.  158). 

If  studies  of  the  loess  deposits  covering  other  drift  sheets  outside  the  Wis- 
consin area  should  be  in  complete  accord  with  the  results  obtained  by  these 
authors,  the  heavy  loess  deposits  of  the  Mississippi  Valley  would  have  a  new 
significance  and  would  indicate,  as  affirmed  by  many  of  the  older  geologists, 
a  definite  period  of  loess  deposition  during  the  Pleistocene.  A  reexamination 
of  the  loess  fossil  deposits  now  referred  to  Yarmouth  and  Sangamon  time  would 
place  at  least  some  of  these  in  Peorian  time.  Until  such  examinations  are 
made  and  more  extensive  study  is  given  the  loess  overlying  theKansan  and 
IlUnoian  drift  sheets,  it  has  been  thot  best  to  leave  the  biota  of  these  earlier 
deposits  as  they  were  listed  before  the  studies  of  Alden  and  Leighton  appeared. 
Many  of  these  lists  of  loess  fossils  contain  fresh  water  mollusks  (Planarbis, 
GalbCy  Physa)  and  the  suggestion  is  at  once  presented  that  possibly  these  shells 
came  from  the  lower  part  of  the  deposit  and  represent  the  ground  surface  of 
the  Yarmouth  or  Sangamon  interval  before  the  heavy  deposit  of  loess  was  laid 
down.  The  qustion  as  to  whether  loess  was  deposited  in  any  degree  during 
these  earlier  intervals  must  also  be  settled  before  any  satisfactory  readjustment 
of  the  faunas  of  the  loesses  can  be  made. 

IV.  The  Peorian  Biota 

1.  IOWA 

In  Harrison  and  Monona  coimties  this  yellow  loess  is  quite  fossiliferous 
and  Piof.  Shimek  has  identified  a  large  number  of  species.^^  A  section  of  the 
strata  in  this  county,  as  well  as  a  list  of  the  mollusks  noted  therein,  is  shown  be- 
low:" 

Section  oj  loess  in  Harrison  County 

Yellow  loess  (post-Iowan) 6-7  feet 

Ferruginous  band 4-6  inches 

Bluish  loess  with  iron  tubules  and  small  calcareous  nodules  (post-Kansan) 3  feet 

List  of  species  in  post  lowan  loess,  Harrison  County 

VaUonia  gracilicosta  Zoniioides  arhorea 
Pdygyra  monodon  "        minuscula 

"       midUlineala  Pyramidula  aliemala 
SirohUops  labyrintkica  "       cronkhitei  anlhonyi 

"        Ttirgo  "       shimekii 

LeucochilafaUax?  Helicodiscus  paraUelus 

PupiUa  muscorum  Succinea  avara 
Bifidaria  armijera  "       grosvenori? 

"  Op.  dt.,  pp.  395-3%. 

^  Op.  cit.j  p.  382.    The  correlations  are  the  author's. 
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Vertigo  modesta  Succinea  otiUqua 

CockUcopa  lubrica  Hdicina  occuUa 

ViUrea  kammonis  Eggs  of  small  snails 
Eucanulus  jidvus 

One  of  the  best  eastern  loess  sections  at  present  known  is  to  be  found  in  and 
about  Iowa  City,  Johnson  County.  Both  post-Kansan  and  Post-Iowan  loesses 
occur  (the  former  bluish,  the  latter  yellowish)  and  both  are  fossiliferousi  the 
species  being  the  same  in  both  horizons,  according  to  Shimek.  The  species 
noted  below  hkve  been  identified  from  post-Iowan  loess:^ 

Galba  caperaia  ZoniUndes  minuscula 

"     kumUis  modicdla  Euamuhu  fut9us 

**     cbrussa  Vitrea  indentata 
Hdidna  occulta  "     hammoms 

Suuinea  a»ara  HeUcodiscus  paraUdus 

**       grosvmori  Pyramidula  cronkhiUi  antkomyi 


99 


obUqua  (»09alis)  "  perspecti9a 

VaUoma  gracUicosta 


» 


Bifdaria  armijera  "  aUemaia 

"       peniodon  Sphyrodium  edenhdum  aUicda 

Vertigo  ooata  OreokeUx  icwensis 

Pupilia  blandi  Polygyra  profunda 

"      muscorum  "       muitUineata  (small  fonn) 

Cochlicopa  lubrica 

Beyer^'  records  loess  fossils  from  two  localities  in  Marshall  County,  from 
the  upper  portions  of  the  deposits,  which  are  probably  to  be  correlated  with 
the  post-Iowan  loess. 

(1).  Two  miles  west  of  Marshalltown. 

Succinea  atara  VaUonia  pukhella  (probably  gracUicosta) 

"       chliqua  PupiUa  muscorum 

PyranUdula  skimekii  Bifidaria  pentodon 

**  cronkkitei  anthonyi  Spkyradium  edenhdum  alHcola 

Eucomdus  futous 

(2).  One  half  mile  south  of  Bangor. 

Succinea  axara  PupiUa  muscorum 

Bifidaria  pentodon  Hdicodiscus  paraUelus 

a.  VerkbraU  fossUs 

Proboscidian  remains  have  been  observed  in  various  parts  of  Iowa  in  sit^ua- 
tions  possibly  referable  to  the  post-Iowan  interval.  Only  a  few  of  the  observed 
records,  however,  appear  definite  enough  to  include  in  the  Teorian  interval. 
Two  of  these  are  in  Linn  County.** 

>*  Shimek,  Amer.  Geol.,  XXVni,  p.  345. 

^  Geol.  Iowa,  Vn,  p.  237. 

^  Aoderson,  Augustana  Lib.  Pnb.,  V,  pp.  28, 29. 
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(1)  Bertram^  inagravdpit. 

(2)  Springville,  in  or  on  lowan  drif  t. 

Dr.  Hay^  cites  the  foUowing  records  which  may  be  referable  to  the  Peorian 
interval. 

Black  Hawk  County.  Waterloo,  teeth  of  EUphas  primigmius  in  a  sand  pit, 
at  a  depth  of  7  feet  below  the  surface.  At  this  depth  the  deposit  would  seem 
to  be  referable  to  post-Iowan  time  (p.  438). 

Fayette  County.  Near  Clermont,  tooth  of  Elephas  primigenms  in  gravel 
at  depth  of  20  feet,  at  a  place  between  Elgin  and  Clermont.  Ombtts  tnoschatus 
(fnrt  of  a  skull)  was  found  in  Township  94,  Range  35,  in  clay  at  depth  of  about 
26  feet  (pp.  81-82;  433-434.    Anderson's  list,  p.  28). 

Franklin  County.  Near  Hampton,  tooth  of  Elephas  primigenius  from  sand 
pit  near  Breed's  Lake  (Sect.  19,  T.  92,  R.  20)  at  a  depth  of  6  feet  (p.  434). 

Clayton  County.  Tooth  in  Gravel  pit  two  miles  east  of  Garber  (sect.  32, 
T.  92  N,  R.  3  W).     Possibly  lowan  valley  train  (p.  381). 

Dubuque  Coimty.  One-half  mile  from  Center  Grove.  Portion  of  tooth 
of  Elephas  primigemus  found  in  making  drift  toward  lead  crevice.  (Hay,  p. 
433). 

It  is  probable  that  these  animals,  as  has  already  been  suggested  by  Dr. 
Hay,  lived  in  this  r^on  when  the  Wisconsin  glacier  was  not  far  away.  They 
woidd,  therfore,  be  correctly  placed  at  the  end  of  the  Peorian  interval,  as  their 
remains  appear  to  be  in  deposits  from  the  Wisconsin  till  sheet. 

2.  NEBRASKA 

Many  years  ago  Leidy  reported^'  the  skull  of  Geamys  bursarius  from  yellow 
loess  deposits  near  Plattsmouth.  Mastodon  and  elephant  teeth  were  found 
in  the  same  formation.  Hayden^'  refers  to  the  same  specimen  but  indicates 
that  it  was  in  a  nodule  in  the  loess.  Hayden  also  reports  the  buffalo  (Bison) 
from  marl  blu£Fs  near  Dakota  City,  30  feet  below  the  surface.  The  exact 
nature  of  the  deposit  is  not  indicated. 

3.  lONNESOTA 

The  Peorian  interval  is  apparently  represented  in  several  parts  of  south- 
eastern Minnesota.  On  Blue  Earth  River,  near  Minnesota  River,  the  follow- 
ing section  has  been  observed: 

Deposit  Correlation 

1.  Aflh-colored  clay 8  feet  0  inches  ^^^sconsin. 

2.  Coane  sand  with  some  pebbles 2    "  0     "  " 

3.  Aah-colored  clay  marl 7    "  0     " 

4.  Sand  and  pebbles,  with  small  boulders  at  base 8    "  0     "  " 

>•  Oeol.  Iowa  Snrv.,  XXm. 
"  Proc.  Phil.  Acad.,  1867,  p.  97. 
>•  Final  Report,  pp.  10-11. 
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5.  Sand  with  freshwater  shells 0  feet  6  inches  Peorian. 

6.  Sand  and  gravel 6    "   0      "  lowan. 

7.  Sand  with  fresh  water  shells 0    "   8      "  Yarmouth 

8.  Soil  and  subsoil 6    "  0      " 
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Height  of  section 38  feet  2  inches 

From  number  5  a  number  of  mollusks  were  obtained,  the  species  being  a 
noted  below:" 

Planorbis  parvus  Compdoma  iecisnm 

"        bicarinatus  (» atUrosus)  Goniobasis  wgiHica^* 

Pseudosuccinea  columella  Unio  siliquoides  {^luleola) 

Physa  heterostropha?  Sphaerium  {^Cydas) 

A  section  at  Stillwater,  Washington  County,  may  possibly  contain  a  stra- 
tum referable  to  the  Peorian  interval. 

Section^  of  Strata  at  StUlwal^r. 

1.  Disturbed  sand  with  some  boulders 

2.  Fine  sand  with  nearly  horizontal  strata 

3.  Gravel  and  boulders 

4.  Very  fine  sand,  horizontal  stratification 

5.  Coarse  gravel  and  boulders 

6.  Horizontal  strata  of  fine  sand 30-40    " 

7.  Tripoli  bed  lies  next  below  this  fine  sand 

Near  the  bottom  of  number  6  the  tusk  of  a  mastodon  was  found. 

There  are  several  records  which  indicate  the  presence  of  the  remains  of 
life  beneath  the  Wisconsin  drift  and  above  the  lowan  drift,  and  hence  referable 
to  the  Peorian  interval.  In  Carver  Coimty'^  a  well  section  shows  the  succes- 
sion of  strata  to  be  as  indicated  below : 

Till,  with  many  boulders 2-6  feet 

Clay,  with  Unios,  5  feet  below  surface 20-40  feet 

Sand X  feet 

The  Wisconsin  till  appears  very  thin,  but  can  be  nothing  else. 
In  Chisago  County,**  at  Nessel,  a  well  section  exposes  the  strata  noted  be- 
low: 

Soil 2     feet 

Yellow  till : 8 

Soft  blue  day  with  peaty  portions  and  decaying  fragments  of  wood 4        " 

Sand 1+    " 


Height  of  section 15 


t» 


"  Owen,  Rep.  Geol.  Surv.  Wis.,  Iowa,  and  Minn.,  p»  489.    Goniobasis  firpnica  is  an 
erroneous  identification  and  Pkysa  keterostropha  is  doubtful. 
»•  Winchell,  Geol.  Surv.  Minn.,  Final  Rep.,  II,  pp.  397-398. 
«*  Op.  cit.,  p.  133. 
«  Op.  cU.,  p.  418. 
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Other  wells  vary  from  12  to  22  feet,  and  show  similar  layers  of  peaty  ma- 
terial. 

References  to  Peorian  vertebrates  in  Minnesota  are  exceedingly  rare. 
Winchell^  records  Ovibos  (Symbos)  cavifrons  from  a  farm  between  Wabasha  and 
Theilman,  near  the  railroad  from  Wabasha  to  Zumbrota.  It  was  10  feet  below 
the  surface,  in  a  gravel  terrace  of  the  valley.  This  is  in  the  Drif  tless  Area  and 
it  may  belong  to  post-Iowan  time.  In  Winona  Comity,  near  Stockton,  the 
remains  of  Elephas  primigenius  were  found  in  lowan  loess.^ 

4.  ILLINOIS 

Some  fossils  in  the  loess  of  northern  Illinois  should  probably  be  referred 
to  the  Peorian  interval.  In  this  hori^n  should  be  placed  the  mollusks  from 
Fulton,  Whiteside  County,  listed  by  McGee." 

Succiftea  avara  VaUania  pulckeUa  (  «  gracilicosia. .) 

Pyramidula  cronkkitei  anikanyi  Pupa  species 

Oreokelix  ioweiuis  Galba  kumilis  modkeUa' 

The  upper  layers  of  the  loess  in  other  parts  of  Illinois  are  doubtless  to  be 
classed  as  post-Iowan  (Peorian)  but  no  fossils  have  been  observed. 

5.  WISCONSIN 

The  Peorian  interval  is  believed  to  be  represented  in  Wisconsin  but  no 
fossils  have  been  observed.  The  loess  is  believed  to  be  post-Iowan  and  pre- 
Wisconsin.* 

6.  THE  DKIFTLESS  AREA 

a.  Invertebrate  fauna 

The  Driftless  Area  of  Wisconsin,  Illinois,  Iowa,  and  Minnesota  is  partly 
covered  with  loess  deposits,  especially  along  the  Mississippi  River,  a  laige  part 
of  which  is  referable  to  the  post-Iowan  interval.  McGee^'  lists  eight  species 
from  Galena,  Illinois,  as  noted  below: 

Swxima  aoara  PupiUa  muscorum 

"       (Mi^ua  Bifidaria  catUracta 

Pyramidula  cankkUei  anikauyi  Galba  kumUis  modktUa 
Valloma  pukkeUa  "     obrussa 

»  N.  H.  WinchcU,  BuH  Minn.  Acad.  Sci.,  IV,  No.  3,  p.  419. 

••  Op.  cU.,  p.  416. 

"  Pleistocene  ffistory  of  Northeastern  Iowa,  p.  448. 

»  Wddman,  Science,  N.  S.,  XXXVII,  p.  457. 

»  0^.  «t,  p.  448. 
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Chamberlin  and  Salisbury^  list  a  number  of  mollusks  from  the  Drif tless 
Area.    The  species  with  their  localities  are  tabulated  below  : 
Savanna,  Illinois. 

Pyramidula  crenkheUei  wtkmyi  Succitua  awura 

Oreohdix  iowensis  "       Miqua 

Along  some  of  the  tributaries  of  the  Mississippi  there  are  loess^like  deposits 
which  are  said^  to  be  younger  than  the  true  loess  referred  to  above.  The 
exact  correlation  of  these  dq)osits  seems  difficult,  but  as  one  looality  Qefferson) 
affords  a  characteristic  post-Iowan  mollusk  {Oreohdix)  they  are  included  here, 
tho  some  may  be  as  late  as  Post-Wisconsin  time. 

Terraces  at  Galena,  Illinois. 

Swcdnea  avofa  Succinea  Mi^ua  ( ^aiaUs) 

Ltucockila  fallax  Planorbis  parvus 

Pyramidida  cronkkUei  anUumyi  Gclba  kumilis  modkeUa  , 

20  feet  above  Apple  River,  Township  27,  JoDaviess  County,  Illinois. 

Pyramidida  crotMM  antkanyi  Pupilla  muscorum 

Higher  terraces,  Bridgeport,  Crawford  County,  Wisamsin,  near  mouth  of 
Wisconsin  River. 

Succinea  avara  Sphyradium  edeuiulum  aUicola 

"       cUiqua  ( -  VerHgo  Hmpiex) 

Pyramidula  crankkitei  antkonyi  Gaiba  kumilis  modicdla 

Section  34,  EUenton  Township,  Grant  County,  Wisconsin. 
Succitiea  avara 

Southwest  quarter  section  20,  Jefferson,  Clayton  County,  Iowa. 

Succinea  avara  Pyramidula  cronkhitei  anUumyi 

"       oUiqua  Pupilla  muscorum 

Oreohdix  iowensis  Sphyradium  edentulum  aUicola  (''VtrUgo) 

VaUonia  palckdla  GMa  kumilis  modicdla 

Galena,  Illinois,  135  feet  above  Galena  River. 

Bdicodiscus  paraMus  Succinea  awnra 

"       Miqua 

Southwest  quarter  section  26,  Bloomington,  Grant  County,  Wisconsin. 

Succinea  avara 

East  of  Prairie  du  Chien^  Wisconsin,  on  the  heights  at  425  feet  above  the 
Mississippi  River. 

Succinea  atara  Galba  kumilis  modicella 

*•  Drif  tless  Area,  pp.  285-286. 
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Terrace  deposits  two  miles  from  the  mouth  of  Sinsinawa  River  and  two 
and  a  half  miles  west  of  Galena,  Illinois,  contain  a  faima  of  moUuscan  land 
shells.  This  may  be  the  same  deposit  as  that  referred  to  by  McGee,  Chamber- 
lin,  and  others.  Trowbridge  and  Shaw^  say  of  this  deposit:  "So  far  as  our 
region  is  concerned  the  dqK)sition  of  the  loess  may  have  accompanied  or  fol- 
lowed the  lowan,  lUinoian,  or  even  perhaps  the  Kansan  ice  epochs,  or  a  part  of 
it  may  have  been  deposited  during  or  after  each  one. "  It  is  probable  that  loess 
was  deposited  during  each  inteigladal  interval  and  that  these  deposits  represent 
an  accumulation  of  aU  or  most  of  the  glacial  stages  and  intervals.  As  a  char- 
acteristic Peorian  mollusk  (Pyramidida  shimekii)  occiu-s  in  the  deposit  the 
shells  recorded  may  perhaps  be  considered  as  having  been  buried  during  the 
Peorian  interval.**  Ten  species  are  recorded,  two  of  which  (starred)  are 
figured: 

Pyramidula  skimekii*  Spkyradium  edtwUdum  aUkola 

VdUonia  costata  Euconulus  ftdvus 

PupiUa  muscorum  Succinea  campestns  \»gros9enoH?) 

PupiUa  decora  Succinea  avara'^ 

B\fidaria  cf .  coriUana  Lymnaea  pana 

b.  VertebraU  fauna 

In  the  southern  part  of  the  Driftless  Area  a  vertebrate  fauna  occurs  in 
the  crevices  of  the  limestone,  and  in  the  clay  immediately  overlying  the  lime- 
stone, which  seems  referable  to  the  Peorian  interval,  tho  some  of  it  may  be 
of  later  date.  In  Illinois  the  crevices  are  40  feet  beneath  the  surface.  These 
dqx)sits  are  near  Galena,  Illinois,  Dubuque,  Iowa,  and  in  Grant  and  Richland 
counties,  Wisconsin.  The  reason  for  including  the  lead  region  fauna  in  the 
Peorian  intergladal  interval  is  its  geological  position,  in  crevices  of  the  indigi- 
nous  bed  rock  covered  by  clay  and  loess. 

Hay^  refers  the  vertebrates  of  the  driftless  area  to  post- Wisconsin  time 
but  the  inference  is  strongly  in  favor  of  their  being  post-Iowan  or  Peorian, 
since  the  region  is  largely  covered  with  lowan  loess,  beneath  which  many  of 
the  bones  have  been  found.  There  seems  no  good  reason  for  considering  the 
majority  of  the  finds  of  later  date. 

Jeffries  Wyman,*®  Joseph  Leidy,"  and  John  LeConte*^  record  the  following 
species,  nearly  all  of  which  have  been  foimd  near  Galena,  Illinois. 

Mft  BidL  26,  m.  Gecd.  Snrv.,  p.  106. 

*•  Galena-Elifiibeth  Folio,  U.  S.  G.  S.,  No.  200,  p.  7. 

^  GcoL  Iowa,  XXm,  pp.  38, 487. 

••  GeoL  Wis.,  I,  pp.  421-423, 1863. 

"  Op.  cU.,  p.  424. 

»  Amer.  Journ.  Sd.,  (ui),  V,  pp.  103-106. 
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Wyman  Leidy 

Bisen  bison  Platygomu  cam^ressus 

OdoeoUeus  tirgimanus  Procyon  priscus 

Mammut  ameriamum  Anomodon  snyderi 

Uegalonyx  jeffersoni  A  rctamys  monax 

Tayassu  tajacuf  (lems,pTobMy)  Gtomyshursarius 

Canis  occidetUalis  Microius  cf .  pennsyhanicus 

"    kUrans  Lepus  sylwUicus  (»SyhUagiis  Jloridamus) 

Cams  cinereoargeniatus 

Lddy^  repeats  this  list  in  his  great  monograph.  J.  A.  Alien**  later  added 
two  new  s|)edes  from  this  region  and  listed  some  others  previously  recorded, 
his  list  being: 

Bison  hison  Anlilocapra  americana 

Mammut  americanum  ( ^  giganteum)  Cenus  whitneyi  ( "Odocoileus  wkUneyt) 

Megahnyx  Canis  indianensis 

PUUyganus  qsedes  "    mississippicnsis  (aot  difus) 

Cenus  canadensis 

McGee  records'^  two  species  of  mammals  from  JoDaviess  County,  Illinois, 
near  Dubuque,  Iowa,  and  on  an  earlier  page  (135)  of  the  same  work  lists  two 
additional  species. 

JoDaviess  County 

Bison  lalifrons  Megahnyx  jeffersoni 

Near  Dubuque,  in  crevice  in  Galena  limestone,  embedded  in  clay,  10  feet 
below  the  surface. 

Megaionyx  Tayassu  tajacuf  (  »  T.  lenis?) 

Many  years  ago,**  Edward  Daniels  recorded  certain  animal  remains  from 
the  diiftless  area  from  deposits  which  are  here  correlated  with  the  Peorian,  tho 
they  may  be  of  later  date.  Galba  galbana  is  recorded  from  Jamestown  and 
Potosi,  Grant  County,  in  great  abundance  in  clay,  20  feet  below  the  surface. 
The  elephant  and  mastodon  are  listed  from  Fairplay  and  Potosi,  and  Ekphas 
from  Sextonville,  Richland  County. 

7.   INDIANA 

Post-Iowan  loess  probably  caps  the  post-IUinoian  loess  in  Indiana,  particu* 
larly  along  the  Wabash  and  Ohio  rivers  and  some  of  their  tributaries.  Few 
references  to  this  loess,  however,  have  been  noted  in  the  literature.  Leverett*' 
dtes  the  presence  of  a  loess  soil  and  weathered  zone  in  western  Johnson  County. 

"  Extinct  Mammatian  Fauna  of  Dakota  and  Nebraska,  1869. 

**  Amer.  Joum.  Sd.,  (iii),  XI,  pp.  47-51. 

»  Uth  An.  Rep.,  U.  S.  Geol.  Surv.,  p.  310. 

«  1st.  An.  Rep.,  Geol.  Surv.  Wis.,  pp.  10-11, 1854. 

"  Mon.  Lin,  U.S.G.S.,  p.  75. 
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The  exposure  occurs  in  Coal  Creek,  several  miles  within  the  Wisconsin  drift 
border.    The  section  is  noted  below,  no  fossils  being  mentioned: 

SecHon  oj  Uuf  of  Coal  Creek  near  comers  of  sees.  29,  30,  and  32,  T.  12,  R.  3  E, 

Till  (Wisconsin),  yellow  at  top  but  shading  into  blue-gray  at  bottom 20  feet 

Soil,  black  (Peorian) Ifoot 

Silt  or  day,  pale  greenish  yellow,  pebbldess  (post-Sangamon) 3  feet 

TUl  (niinoian),  weathered  and  leached  brown,  exposed 5  feet 

Height  of  Section 29  feet 


8.  msspURI 

Deposits  said  to  be  later  than  the  post-Kansan  loess  occur  along  the  Mis- 
souri River,  on  the  border  of  the  Kansan  drift  sheet.  Mr.  F.  A.  Sampson  has 
collected  extensively  in  these  deposits  and  has  obtained  the  species  listed 
below.  At  Providence,  Boone  County, ''  the  deposit  is  of  later  period  than  the 
Kansan  loess,  and  is  not  the  fine  silt  of  the  loess,  but  is  of  clay  intermixed  with 
stones  of  various  sizes."'*  The  species  noted  from  Providence  and  Lupus 
are  listed  below: 


Providence,  Boone  County 

Polygyra  profunda 

alholabris  aUeni 

tkyroides 

devaia 

clattsa  (scarce) 

pennsylvanica 

appressa 

inJUcla 

fratema 

monodon 

kirsuta 


Hdicina  occulta  (scarce) 


Pyramidula  solUaria 
altemaia 
perspecHva  (one  ^pedman) 


>i 


»» 


*•  Sampson,  NautOus,  XXVIII,  pp.  15-17. 
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if 
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If 


» 
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Lupus,  Moniteau  County 

Polygyra  profunda 

albolabris  allem 

tkyroides 

deoata 

clausa  (scarce) 

pennsylvanica 

appressa 

infUda 

fraktna 

monodon 

kirsuta 

Succinea  ovalis  (one  ^>ecimen) 
Castrodonta  ligera  (one  specimen) 
Hdicina  occulta  (scarce) 
VUrea  indentata 

"     kammonisf 
Zonitoides  minuscula 

"        milium 
Bifidaria  armifera 
"        contracta 
Pyramidula  solitaria 

altemata  (rare) 
perspectiva  (one  spedmen) 
Hdidiscus  paralldus 
Caryckium  exile 


»f 


9f 
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In  his  Catalog  of  Missouri  Shells,  Sampson  adds  the  following  localities 
which  may  be  referred,  with  some  degree  of  assurance,  to  the  post-Iowan  inter- 
val 

Glascow,  Howard  County. 

Hdicina  occulta  Pdygyra  muUUineaia 

Sucdnea  nalis  Pyratmdula  aliemata 


"       a^ara 


Kansas  City,  Jackson  County. 


Hdidna  occulta 


Booneville,  Cooper  County. 

Hdicina  occulta 

St.  Joseph,  Buchanan  County. 

Hdicina  occulta  Polygyra  divesta 
Bifidaria  armifera  "       kirsuta 

Sucdnea  grosvenori  "       monodon 

Pyramidula  altemata 

Miss  Owen^*  records  a  number  of  species  from  loess  deposits  in  and  near 
St.  Joseph.  Whether  all  are  referable  to  post-Iowan  loess  cannot  be  known 
from  the  text,  as  no  discrimination  is  made  between  the  loesses.  The  following 
species  are  Usted,  secured  from  depths  of  12  to  50  feet  below  the  surface. 

Hdicina  occulta  P alula  striatdla  (^Pyramidula  cronkheitei  anthonyi 

Sucdnea  obliqua  "    altemata  ( »  "       altemata) 

Polygyra  albolabris 

The  five  species  which  follow  were  taken  from  greater  depths. 

Cirdnaria  concata  Sucdnea  luteola^ 

Polygyra  multilineata  "       grosvenori 

"       avara 

9.   KANSAS 

The  bones  of  both  the  elephant  and  the  mastodon  have  been  found  in  the 
loess  near  Manhattan,  Riley  County,  but  whether  in  post-Kansan  or  post- 
Iowan  loess  is  not  stated.^^  Peorian  fossils  should  be  foimd  in  that  portion  of 
the  state  covered  by  the  Kansan  drift. 

»  Amer.  Geo!.,  XXXIII,  p.  223. 

**  This  is  certainly  a  case  of  misidentification,  luteola  being  a  southern  species  recorded 
from  Texas  and  Florida.  i 

«>  Mason,  Trans.  Acad.  Sci.  St.  Louis,  VTII,  pp.  12-13. 


ft 
»f 
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10.  CANADA 

It  has  been  suggested  that  the  lowan  drift  may  be  represented  in  Ontario, 
especially  at  Toronto  (see  section,  page  328).  Near  Niagara  Falls  a  boring  in 
the  Whiripool-St.  David's  channel  passed  thru  strata  which  might  be  referable 
to  the  lowan  stage  (see  section,  page  323)  An  old  soil  imderlies  30  feet  of  sand 
and  gravel  in  Hamilton  (Himter  Street),  at  the  west  end  of  Lake  Ontario. 
This  old  soil  is  2  feet  thick^  and  appears  in  the  section  as  noted  below: 

Sand  and  gravel,  some  croa»-bedded 30  feet 

Brawn  day,  unstratified  (old  soil) Peorian? 2 

Blue  till,  the  upper  portion  weathered lowan? 8 

Bones  of  elephant  and  pieces  of  wood Sangamon? z 

From  this  layer  were  collected: 

Larix  americana 

Picea  cf .  nigra 

Mammal  bone  (reported  by  workman) 

The  bones  of  the  elephant  and  the  pieces  of  wood  noted  at  the  base  of  the 
cutting  seem  to  indicate  the  presence  of  the  Sangamon  intergladal  interval. 
About  a  mile  to  the  west  of  the  Hunter  Street  section,  in  gravel  pits,  the  follow- 
ing section  was  observed. 

Wisconsin.    Clay,  making  red  bricks 6  feet 

Gravel 30    " 

Peorian?       White  sand 5    " 

lowan?         Hardpan 4    " 

Sangamon?  White  sand  with  mammoth  tusks  and  bones 33 

Covered  to  level  of  bay x 


ft 


Height  of  section 78  feet 

Two  interglacial  intervals  are  apparently  indicated  here,  the  lower  is  clearly 
Sangamon  while  the  higher  may  be  Peorian,  or  it  may  be  a  portion  of  the  Wis- 
consin series.  In  view  of  the  present  attitude  of  several  prominent  geologists 
toward  the  lowan  there  seems  need  for  much  additional  information  before 
these  beds  are  positively  referred  to  the  Peorian  interval. 

V.  Systematic  Catalog  of  the  Biota  of  the  Peorian 

Interglacial  Interval 

PLANTS 

None  recorded  specifically. 
«  Coleman,  Trans.  Can.  Inst.,  VI,  p.  36;  Spencer,  Can.  Nat.,  N.  S.,  VII,  p.  470;  op,  cU., 

Jv,  p.    tXlOa 
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ANIMALS 

MOLLUSCA 

PELECYPODA 

Unionidae 
LampsUis  luieola  (Lamarck) 

SPHAFJtnDAE 

Spkaerium  sptdcs 

GASTROPODA 
Heucinidae 


Hdicina  occulta  Say 


Gatiiobasis  sptdt9 


Campdoma  decisum  (Say) 


Pkysa  keierostropha  Say? 


PlEUSOCESIDAE 


ViVIPASIDAE 


PRYSIDAE 


Planorbidas 
Planorbis  arUrasus  Conrad  PlanofHs  Parvus  Say 

Lyunaeidae  * 

Pseudosuccinea  columella  (Say)  Galba  kumilis  mod^cella  (Say) 

Galba  obrussa  (Say)  "     caperata  (Say) 

"     laibona  (Say)  "     pana  (Lea) 

AUKICUUDAE 

Cairycium  oxUe  H.C.  Lea 

Valloniidae 

VaUoma  gracUicosta  Rdnh.  VaOoma  puUkdla  (MOlIer) 

VaUonic  costaUx  (MOller) 

COCHUCOPZDAS 

Cocklkopa   lubrica    (MoQer) 

PUPILLIDAE 

Vertiga  modtsta  Say  Bifidaria  arwijera  (Say) 
"       MMiaSay  "        conifodaiSAy) 

"     milium  (Goald)^  "       pentodon  (Stiy) 

Pupilla  muscorum  (Linn.)  "        procera  (Gould)^ 

''    blandi(Mone)  "        conicaria  (Stiy) 

"    decora  (Gould)  SirobUops  labyrinikica  (SsLy) 

Leucochila  Jallax  (Say)  "      virgo  Pilsbry 

SUCCINEIDAE 

Succinea  avara  Say  Succinea  grosvenori  Lea 

"       ovaiis  Say 

«*  Vf^  Shimek« 
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Endodontidae 
Spkyradium  ederUulum  Pyramidula  shinukii  (Pilsbry ) 

alttcola  (IngersoU)  ''  altemata  (Say) 

Bdicodiscus  parattdus  (Say)  "  soliiana  (Say) 

Pyramidula  cronkkitei  antkanyi  Pilsbry    Oreohdix  unvensis  (Pilsbry) 
*  perspeOiva  (Say) 

ZONITIDAE 

GasfrodotUaUgera  {Say)  EucanulusfuhusQAfSHlti) 

Zomtoides  arborea  (Say)  Vitrea  kammonis  (Strom) 

"        mmuscida  Finney)  "     indentaia  (Say) 

"        mUium  (Morse) 

«  CntCINARIIDAE 

Cirdnaria  concava  (Say) 

Heucidae 

Pdygyra  monadon  (Racket!)  Palygyra  mtdtUineata  (Say) 

aJholabris  (Say) 
albolabris  aUeni  (Wetherby) 

"       ciausa  (Say) 

"       tkyroides  (Say) 

"       pennsyhanica  (Green) 

''       devata  (Say) 


"      fraiema  (Say) 
"       kirsuia  (Say) 


profunda  (Say) 
infieda  (Say) 
appressa  (Say) 
<;*fe5la  (Gould) 


VERTEBRATA 

MAMMALIA 

Megaiheriidae 
MegaUmyx  jefersoni  (Desmarest) 

Tayassuidae 
Tayassu  lenis  (Lady)  PUUygonus  campressus  LeConte 

CEItVIDAE 

OdocoUeus  virginianus  (Zimm.)  Cervus  canadensis  Endaben 


f> 


whUneyi  (Allen) 

Aktilocapridae 
Aniiiocapra  americana  Ord. 

BOVTOAE 

Bison  bison  L.  Symbos  cavifrons  (Lady) 

"    latifrons  (Harlan)  Ovibos  mosckaius  iOmm. 

Elephamtidae 
Mammut  americanum  (Kerr)  EUpkas  primigenius  Blum. 

ScnnuDAE 
Marmota  monax  (Linn.) 

MUIUDAE 

Microius  species  (reported  as  pennsylvanicus  (Ord.) 

Geomyidae 
Geomys  bursarius  (Shaw) 
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SylvUagus  floridanus  (Allen). 
Anamodcn  snyderi  LeConte 
Procyon  priscus  LeConte 


Cams  mississippiensis  AUen 
Cants  latrans  Say 


Leporidae 
Leptictidae 
Procyonidae 

Canidae 

Canis  indianensis  Lddy 

"    occidentaUs  Richard«<in 
Ufocytm  cinereoargemiatus  (Schreber) 


VI.  Summary 

A  difference  of  opinioQ  prevails  among  geologists  relalive  to  the  extent 
(and  even  the  existence)  of  the  lowan  ice  sheet.  The  exposed  portions  of 
this  drift  sheet  are  found  only  in  Iowa  and  a  small  portion  of  Minnesota  and 
Wisconsin.  The  deposits  containing  evidences  of  life,  however,  indicate  that 
there  was  an  interglacial  interval  following  the  Kansan  and  Illinoian,  and 
previous  to  the  Wisconsin,  that  is  easily  recognized  stratigraphically.  Two 
loesses  have  been  observed  in  many  places,  an  early  and  a  later.  The  loesses 
above  the  lUinoian  till  are  post-Illinoian  (Sangamon)  andpost-Iowan  (Peorian). 
In  Iowa  the  upper  loess  is  considered  post-Iowan,  and  there  should  be  below  this 
a  post-Illinoian  overlying  a  post-Kansan.  Deposits  referred  with  confidence 
to  the  Peorian  interval  have  been  observed  in  Iowa,  Nebraska,  Illinois,  Minne« 
sota,  Wisconsin  and  Missouri. 

Little  is  known  concerning  the  climate  of  the  Peorian  interval,  tho  it  is 
believed,  in  Iowa  at  least,  to  have  been  somewhat  drier  than  that  of  the  present 
time.  The  flora  is  very  poorly  represented  (only  the  presence  of  wood  being 
recorded)  but  the  fauna  is  well  represented.    The  biota  is  tabulated  below: 


^ 

Living 

Extinct 

Total 

Mollusks 

64 
10 

74 

2    . 
14 

16 

66 

Mammals... ,,         ..    ,        

24 

Total 

90 

Land  moUusks  predominate  as  would  be  expected  in  loess  deposits,  53  species 
being  represented.  With  few  exceptions  all  are  living  in  lowan  territory  at 
the  present  time.    Of  the  mammals  recorded,  59  per  cent  are  extinct. 

SPECIAL  CHAIUVCTERISTICS  OF  LOESS  FOSSILS 

The  fauna  of  the  various  loess  deposits  is  but  little  understood  by  many 
geologists,  as  well  as  by  most  zoologists.    A  paper  by  Prof.  B.  Shimek**  of  the 

*•  Science,  N.  S.,  XXXVII,  No.  953,  pp.  501-509, 1913. 
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Iowa  State  University,  ably  discusses  this  subject  and  some  extracts  from  his 
paper  may  fittingly  close  this  chapter. 

"In  order  that  the  value  of  these  molluscan  faunas  may  be  properly  meas- 
sured  it  is  necessary  that  they  be  taken  collectively.  A  single  terrestrial  shell 
does  not  make  a  land  deposit,  neither  does  a  single  aquatic  shell  make  a  water 
deposit.  In  water  deposits  aquatic  shells  always  form  a  conspicuous  part  of 
the  fauna,  even  tho  locally  they  may  not  predominate.  In  subaerial  deposits 
aquatic  shells  may  occur,  but  they  are  rare  and  local,  and  the  dominant  types 
are  terrestrial.  Strictly  terrestrial  Pleistocene  deposits  are  of  two  types: 
buried  sand  dunes  and  the  loesses.  Buried  sand  dunes  are  not  imcommon  in  the 
upper  Mississippi  Valley,  excellent  illustrations  being  found  near  Gladstone, 
Illinois;  north  of  Iowa  City,  Iowa;  at  Hooper  and  West  Point,  Nebraska,  and 
at  other  points.  Neither  buried  nor  surface  dimes  contain  shells  so  far  as 
observed. 

"The  loesses  are  much  i&ore  satisfactory  for  our  piuposes,  because  they  fre- 
quently contain  fossils  and  oflPer  by  far  the  best  opportunity  for  the  study  of 
Pleistocene  terrestrial  mollusks.  In  these  deposits  terrestrial  forms  vastly 
predominate,  and  fluviatile  forms  are  wholly  wanting.  So  much  has  been 
written  on  this  feature  of  the  subject  that  only  reiteration  is  here  possible. 

"Fresh-water  shells  in  the  loess  are  very  few.  They  belong  to  species 
which  inhabit  small  ponds  and  boggy  places.  They  are  not  of  the  types  found 
in  streams  and  lakes.  They  are  local  in  distribution,  and  in  a  nvunber  of  cases 
clearly  associated  with  buried  ponds.  Ponds  are  not  rare  in  high  places  in 
loess  regions.  They  frequently  contain  the  smaller  Lymnaa,  etc.,  which  are 
sometimes  found  in  the  loess,  aquatic  birds  and  insects  probably  being  respon- 
sible for  their  introduction.  Such  ponds,  if  buried  by  subsequent  depositions 
of  loess,  would  present  exactly  the  conditions  under  which  aquatic  shells  are 
usually  found  in  the  loess.  The  vastly  predominating  forms  are  terrestrial — 
upland  terrestrial  at  thai.  Some  have  become  extinct  in  the  loess  region,  but 
occur  westward  and  southwestward  in  the  drier  part  of  the  continent.  Such 
are  Pupa  muscorum,  P.  Uandi,  Spkyradium  edentulum  var.  alticola,  Pyramidula 
skimekii  and  Oreohelix  iowensis.  Others  like  Succinea  grosvenari  and  Vallonia 
gracillicosta  are  still  found  in  the  loess  region,  but  they  prefer  dry,  often  open 
grounds.  The  land  species  which  prefer  wet  grounds  are  conspicuously  absent 
from  the  loess. 

"The  fossil  moUusks  do  not  enable  us  to  determine  the  age  of  any  of  the 
Pleistocene  formations.  The  fossils  of  the  Aftonian  are  not  sufficiently  dis- 
tinct from  those  of  modem  alluvium  to  permit  the  drawing  of  any  conclusion 
other  than  that  the  conditions  of  deposition  were  much  the  same.  They  do 
not  enable  us  to  distmguish  between  the  loesses,  for  the  fossils  of  the  gray  and 
the  yellow  loesses  are,  in  larger  series,  essentially  the  same.    But  they  give  us 
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an  excellent  measure  of  the  conditions  which  prevailed  at  the  time  of  the  deposi- 
tion of  the  various  fossil-bearing  Pleistocene  strata. 

^'The  terrestrial  mollusks  which  are  found  in  the  Pleistocene  deposits  are 
also  now  of  very  wide  distribution  and  the  variation  which  they  exhibit  in  spe- 
cies, form  and  size  is  not  at  all  determined  by  latitude,  but  rather  by  the  eda- 
phic  conditions  under  which  the  forms  exbted.  In  both  cases  the  species  axe 
those  of  modem  faunas  whose  habits  are  well  known. 

"Variations  in  the  Pleistocene  faima  are  nowhere  better  illustrated  than  in 
the  loess,  which  has  a  wide  distribution  both  north  and  south,  and  east  and 
west,  in  the  Mississippi  Valley.  If  we  begin  in  the  northwestern  part  of  the 
loess  area  in  Nebraska  and  western  Iowa,  we  find  that  the  dominant  species  in 
the  loess  are  Pupa  muscorum^  P.  blandi,  Pyramidula  sHmekiiy  Succinea  gros- 
venori,  Oreohdix  iawensis,  VaUonia  gracUicosta,  Bifidaria  pracera,  Sphyradium 
edefUulum  aUicola.  These  species  all  belong  to  a  fauna  characteristic  of  the 
dry  western  regions.  Pupa  muscorum  alone  passing  by  a  wide  detour  northward 
to  the  northeastern  part  of  the  coimtry.  Other  species  belonging  to  more  east- 
erly faunas  appear,  as  a. rule,  in  smaller  numbers.  Southward  along  the 
Missouri  River,  as  in  northwestern  Missouri,  larger  forms,  such  as  Circinaria 
cancava,  Pyramidula  altemala  and  Polygyra  muUUineaia,  more  characteristic  of 
eastern  and  southeastern  faunas,  begin  to  appear  in  larger  numbers.  The 
change  southward  along  the  Mississippi  is  even  more  striking.  In  the  north- 
erly deposits  along  the  Mississippi  Hdicina  occulta^  Pyramidula  strtateUa, 
Suuinia  cvalis  and  5.  avara  are  among  the  most  common  species.  Pupa  decora 
is  also  abundant  in  both  northern  and  northwestern  loess,  and  while  it  is  largely 
a  boreal  sp^ies,  like  Pupa  muscorum,  it  extends  along  the  western  mountains 
well  into  our  dry  western  region. 

"Southward  along  the  Mississippi  the  loess  molluscan  fauna  changes  in 
essentially  the  same  manner  as  the  modem  fauna  of  the  surface.  At  Hickman, 
Kentucky,  the  larger  helices  (so  prominent  in  the  southeastem  modem  fauna) 
already  app>ear  in  large  numbers  and  Pyramidula  soUtaria,  carinate  Pyramidula 
alternata,  Polygyra  tridenkUa,  very  large  P.  albolabris,  large  P.  profunda,  a  few 
P.  devala,  P.fratema,  P,  fraudulenla,  P.  appressa,  Ompkalina  fuliginosa,  large 
Circinaria  concava,  more  abundant  Pyramidula  perspectiva  and  Gasirodonla 
ligera.  These  species  already  form  the  most  conspicuous  feature  of  the  loess 
fauna.  Hdicina  occulta  still  appears,  though  here  approaching  its  southern 
limit.  Still  farther  south  at  Dyersburg,  Tennessee,  a  similar  fauna  appears 
in  the  loess,  but  Hdicina  occuUa  is  not  common,  reaching  here  its  southem 
limit  and  Pyramidula  striatdla,  so  common  ui  the  north,  also  becomes  rare. 
Still  farther  south  on  the  west  side  of  the  Mississippi  River  at  Helena,  Arkan- 
sas, the  loess  fauna  becomes  still  more  characteristically  southem,  and  in  addi- 
tion to  the  larger  helices  ahready  mentioned  the  large  form  of  Succinea  owilis, 
Omphalina  kopnodes,   Vitrea  fdacentula  and   Hdicina  orbiculata  app)ear  in 
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conspicuous  numbers.  The  last  three  species  are  distinctively  southern* 
Hdicina  occulta  has  wholly  disappeared  and  its  place  has  been  taken  by 
Hdicina  arbiculata.  The  richly  fossiliferous  loess  of  Natchez  and  Vicksburg, 
Mississippi,  also  contains  the  forms  conunon  at  Hickman  and  Helena,  and 
the  presence  of  Polygyra  obstricta,  P,  inflecla  and  P.  stenotrema  still  further 
stamps  the  fauna  as  distinctively  southern. 

''But  in  ijiis  variation  in  the  wide  loess  region  thiere  is  nothing  which  sug- 
gests a  transition  or  change  from  cold  climate  to  warm  climate  faunas  or  vice 
versa.  The  variation,  as  we  find  it  in  the  loess  is  practically  exactly  duplicated 
in  the  modem  fauna  of  the  surface.  The  only  conclusion,  then,  which  can 
be  drawn  from  the  fossils  of  the  loess  is,  that  during  the  deposition  of  the  several 
loesses  climatic  conditions  were  not  materially  different  from  those  which  exist 
in  the  various  parts  of  the  same  general  region  to-day.  Such  differences  as 
do  exist  point  rather  to  a  drier  climate  in  the  northern  part  of  the  loess-covered 
area  than  that  of  to-day. 

''Emphasis  has  sometimes  been  placed  upon  the  depauperation  in  size  of 
certain  loess  shells,  as  evidence  that  the  climate  in  which  they  existed  was  colder 
than  that  of  to-day.  These  depauperate  shells  are  found  only  in  the  northern 
part  of  the  loess  area,  in  Iowa,  Nebraska,  etc.  Their  exact  counterparts  are 
found  living  to-day  in  the  drier  portions  of  the  same  region.  And  correspond- 
ing differences  do  not  occur  in  more  easterly  series  which  represent  differences 
in  latitude.  It  is  evident  that  the  depauperation  is  due  to  drouth  and  not 
to  a  low  temperature,  and  the  abundance  of  these  depauperate  shells  in  the 
northern  loess  reinforces  the  evidence  already  noted  that  the  climate  of  this 
region  was  then  somewhat  drier  than  at  present. " 

TABLE  OF  LOESS  PORMAXIONS 

Prof.  Shimek^  presents  the  following  ideal  section  as  representing  the  rela- 
tion of  the  different  loesses  to  the  drift  sheets. 
Kansan  drift 

Kansan  residual  sands  and  ^vels  (Buchanan) 
Gumbo  (Loveland) 
Black  soil  (Yarmouth) 
Post-Kansan  loess 
IHinoian  drift 

niinoian  residual  sands  and  gravels 
Black  soil  (Sangamon) 
Post-Illinoian  loess 
lowan  drift 
lowan  residual  sands  and  graveb 

•  Bull.  Lab.  Nat  Hbt.,  Stote  Univ.,  Iowa,  V,  p.  368. 
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Black  soil  (Peorian) 

Ppst-Iowan  loess 

Wisconsm  drift 

Wisconsin  residual  sands  and  gravels 

Ppst-Wisconsin  loess. 

These  several  loesses  are  quite  distinct  near  the  drift  borders,  but  the 
distinction  grows  less  dear  as  we  recede  frooa  the  drift  margins,  especially 
southward,  and  finaUy  practically  disappears,  probably  in  the  regions  in  which 
plant-life  was  not  whoUy  destroyed  by  the  advances  of  the  several  ice-sheets 
succeeding  the  Kansan. 


CHAPTER  XI 
THE  WISCONSIN  ICE  INVASION 

Two  till  sheets  referable  to  the  Wisconsin  invasion  are  reoognized,  one 
known  as  the  Earlier  Wisconsin  and  the  other  as  the  Late  Wisconsin.  Of  these 
Chamberlin  says:^ 

*'  The  Eartier  Wisconsin  glacial  stage. — ^The  formations  of  the  two  Wiscon- 
sin stages  together  occupy  much  larger  surface  areas  than  the  preceding,  be- 
cause th^  were  not  overlapped  by  later  drifts,  and  they  are  hence  less  modified. 
Besides  this,  they  seem  to  have  had  stronger  features  originally.  The  till- 
sbeets  are  marked  not  only  at  their  borders,  but  at  intervals  in  the  oscillatory 
recession  of  the  ice,  by  declared  terminal  moraines.  Kames,  eskers,  drumlins, 
and  other  special  forms  of  aggregation  and  of  outwash  mark  the  surface,  and 
reveal  the  mode  of  action  of  the  ice  and  the  glacial  waters  in  a  conspicuous  way, 
aod  are  in  contrast  with  the  nearly  esqpressionless  siuiace  of  the  older  sheets  of 
drift.  A  part  of  this  difference  is  due  to  the  greater  freshness  of  the  Wisconsin 
formations;  but  the  laiger  part,  apparently,  is  assignable  to  a  stronger  original 
expression:  This  is  more  markedly  true  of  the  later  Wisconsin  drift  than  of 
the  earlier.  At  least  three  successive  terminal  morainic  tracts  characterize 
that  portion  of  the  Early  Wisconsin  foimation  in  Illinois  which  was  not  covered 
by  the  Late  Wisconsin.  The  outermost  of  these  lies  on  the  border  of  the  Wis- 
consin drift,  and  marks  the  outermost  limit  of  the  ice;  the  others  lie  within 
this  outeimost  belt,  and  are  ruddy  concentric  with  it,  marking  stages  of  halt, 
or  of  minor  advance  in  the  general  oscillating  retreat  of  the  ice. 

*^  The  fifth  interval  of  recession, — ^There  was  an  interruption  of  the  retreat  of 
the  e9jrlier  Wisconsiu  ice  at  some  unknown  line  within  the  area  of  the  later 
drift,  followed  by  a  re-formation  of  the  ice-lobes,  and  a  re-advance  of  the  ice- 
front  It  does  not  appear  that  this  interval  was  very  long,  but  it  was  sufficient 
to  permit  the  lobes  of  the  ice-sheet  to  change  their  relative  sizes  and  their 
relations  to  one  another  to  such  an  extent  that  the  moraines  of  the  later  stage 
at  soqie  points  cross  those  of  the  earlier  at  large  angles.  It  is  uncertain  whether 
the  interval  should  be  put  in  the  preceding  class,  as  the  shortest  representative 
of  a  declining  series,  or  referred  to  a  different  category,  and  it  has  been  left 
unnamed. 

"  The  Later  Wisconsin  glacial  stage. — Following  this  epoch  of  re-adjustment, 
the  ice  margin  assumed  a  pronounced  lobate  form,  and  gave  rise  to  the  most 

'  GhamberliD  and  Salisbury,  Geology,  III,  pp.  392^9A. 
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declared  moraines,  drumlins,  and  other  distinctive  glacial  formations  of  the 
period.  The  ice  radiated  not  only  from  the  Labradorean,  Keewatin,  and  Cor- 
dilleran  centers,  but  from  many  isolated  heights.  Nearly  all  the  well-known 
moimtain  gladation  of  the  west  is  referred  to  this  epoch.  The  drift-sheet  of 
this  stage  is  characterized  by  emormons  terminal  moraines,  by  great  bowlder 
belts,  by  unusual  developments  of  kames,  eskers,  drumlins,  outwash  aprons, 
valley  trains,  and  other  diagnostic  features  of  glacial  action  and  glacio-fluvial 
cooperation.  This  drift-sheet,  far  beyond  all  the  others,  bears  the  stamp  of  the 
great  agency  of  the  period.  The  disposal  of  the  ice  in  great  lobes  is  referable 
to  the  influence  of  the  great  basins.  Field  studies  indicate  that  broad,  smooth- 
bottomed  basins,  elongate  in  the  general  direction  of  the  ice  movement,  favored 
the  prolongation  of  the  ice  into  broad  lobes,  while  sharp,  deep  valleys  of  tor- 
tuous course  or  transverse  attitude  had  little  effect  upon  the  extension  of  the 

ice. 

"The  Later  Wisconsin  drift  b  characterized  in  some  places^  by  nearly  a  score 
of  concentric  moraines  which,  in  some  cases,  represent  re-advances  of  the  ice 
in  the  course  of  its  general  retreat,  and  in  others  perhaps  nothing  more  than 
halts  sufficient  to  permit  an  exceptional  accumulation  of  drift  at  the  ice  border. 
There  appears  to  have  been  exceptional  vigor  of  ice  action,  correlated  with 
rapidity  of  melting,  resulting  in  a  sharp  contest  between  the  antagonistic  agen- 
cies that  made  for  advance  and  retreat.  The  older  drift-sheets,  so  far  as  over- 
ridden by  the  ice  of  this  epoch,  were  cut  away  more  largely  than  in  preceding 
epochs,  and  the  scoring  of  the  rocks  below  was  more  prevalent  and  profound. 
This  was  notably  so  in  the  great  thoroughfares  of  movement,  and  for  obvious 
reasons  less  so  where  the  lateral  borders  of  the  lobes  only  lapped  upon  the  older 
drift.  Extensive  overriding  of  the  older  drift,  without  complete  removal, 
occurred  in  some  districts,  notably  in  Illinois  and  Michigan,  as  determined  by 
Leverett. " 

In  Ohio  there  was  a  period  of  erosion  between  the  two  tills;  the  cutting  of 
the  broad  valley  of  Mad  River;  two  miles  in  width  and  25-50  feet  in  depth,  is 
referred  by  ChamberUn  to  this  interval.  Other  river  erosions  in  this  and  other 
parts  of  the  state  are  also  placed  in  this  interval.* 

LIFE 

"As  yet  no  soil,  or  leached  or  weathered  zones  have  been  found  separating 
the  drift  of  the  two  series  and  it  seems  questionable  whether  the  interval  be- 
tween their  deposition  was  sufficiently  long  to  justify  their  reference  to  distinct 
glacial  stages.  "^    No  life  has  yet  been  reported  from  this  interval.    However, 

*  Minnesota,  Upham,  9th  An.  Rep.  Geol  and  Nat.  Hist.  Surv.  of  Minn.,  p.  8^;  Leverett, 
Moo.  XLI,  U.  S.  Geol.  Surv. 

*  Leverett,  Monograph  XLI,  p.  352. 

*  Leverett,  Illinois  Glacial  Lobe,  pp.  317-318. 
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it  is  possible  that  many  of  the  marl  deposits  found  on  the  older  Wisconsin  till  in 
Illinois,  and  elsewhere,  may  be  referable  to  the  interval  between  the  deposition 
of  the  two  drift  sheets.  The  bodies  of  water  in  which  these  marl  beds  were 
fonned  may  have  been  inhabited  by  hardy  moUusks  and  other  animals  while 
the  ice  front  was  still  in  the  vicinity  of  Chicago.  An  example  of  this  possibility 
is  the  marl  deposit  uiderlying  the  campus  of  the  University,  of  Illinois^  des- 
cribed on  page  1 27  of  this  work. 

WABASH  FAUNA 

Hay^  has  proposed  the^  name  "Wabash  Beds"  for  the  deposit^  laid  down 
subsequent  to  the  retreat  of  the  late  Wisconsin  ice  sheet,  and  for  the  biota  he 
proposes  the  name  ''Wabash  Fauna,"  believing  that  the  period  between  the 
waning  of  the  ice  sheet  and  the  historical  period  should  bear  a  name  and  be 
equivalent  in  value  to  the  interglacial  periods  between  the  different  ice  sheets. 
This  biota,  lying  in  deposits  formed  on  the  surface  of  the  late  Wisconsin  till 
sheet,  is  described  in  Chapter  IV  of  this  volume. 

•  Smith.  Mis.  ColL,  No.  20,  p.  13, 1912. 


CHAPTER  XII 

SUMMARY  OF  THE  LIFE  OF  THE  PLEISTOCENE  WITHIN  THE 
ENGLACIATED  PORTION  OF  NORTH  AMERICA 

In  the  tables  at  the  end  of  this  chapter  the  biota  of  the  Pleistocene,  in  that 
part  of  North  America  covered  at  one  time  or  another  by  a  drift  sheet,  is 
arranged  to  show  both  systematic  and  stratigraphic  sequence,  upward  of  685 
species  of  animals  and  plants  being  listed.  A  study  of  the  table  below,  which 
is  a  summary  of  the  large  tables  at  the  end  of  this  chapter,  brings  out  some 
striking  features. 

Table  Shounng  Number  of  Lmng  and  Exiinci  Spedes  Recorded  from  the 

Glaciated  Portion  of  North  America 


Living 

Extinct 

Total 

Percent 
extinct 

Plants                           

138 

292 

4 

4 

37 

7 

6 

0 

104 

93 

145 

298 

4 

108 

130 

4.8 

Animals 

MoUusca 

2. 

Crustacea 

0 

Insecta 

96.3 

Vertebrata 

71.5 

Totals 

475 

210 

685 

30.7 

The  plants  and  moUusks  are  seen  to  have  suffered  but  little  change  thru- 
out  the  Glacial  Period,  the  percentage  of  extinct  species  being  about  4.8  per 
cent  in  plants  and  2  per  cent  in  mollusks.  Among  the  insects  and  verte- 
brates, however,  the  case  is  reversed;  of  the  former,  about  96.3  per  cent  are 
extinct,  and  of  the  latter  about  71.5  per  cent  are  extinct  The  percentage  of 
extinct  mammals  varies  considerably,  decreasing  with  the  advance  in  time  of 
the  Glacial  Period.  Thus  the  Port  Kennedy  cave  fauna,  herein  considered  as 
preglacial,  contains  SO  per  cent  of  extinct  species,  while  the  Conrad  Fissure 
fauna,  placed  by  Hay  in  the  Sangamon  intergladal  interval,^  contains  47  per 

'Dr.  Hay  places  this  fauna  in  the  Sangamon  (Smith.  Mis.  Coll.,  LIX,  pages  14-15; 
Iowa  Geol.  Surv.,  XXIII,  pages  31-32)  but  as  it  is  believed  to  have  been  destoyed  by  the 
influence  of  the  Illinoian  ice  invasion,  its  true  age  must  be  the  interval  preceding  this  invasion, 
or  the  Yarmouth  (See  Science,  XXX,  page  892, 1909). 
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cent  of  extinct  species.  These  groups  consist  of  highly  complex  oiganisms 
which  have  undergone  rapid  evolution.  The  vertical  geological  range  of  many 
of  the  species  and  groups  is  noteworthy;  the  data  are  not  yet  full  enough,  how- 
ever, to  permit  of  generalizations,  except  in  a  few  instances. 

I.  The  Flora 

The  flora  of  the  Pleistocene  differs  but  little  from  that  of  the  same  area 
today.  At  different  times  during  the  interglacial  intervals  the  cold  temperate 
plants  have  been  driven  southward  and  their  remains  have  been  foimd  to  the 
south  of  their  normal  habitat  of  today.  Many  species  of  plants  preserved  in 
the  Don  beds  of  Toronto  (Sangamon  interval)  as  well  as  in  later  postglacial 
deposits,  are  also  found  in  the  Pleistocene  of  South  Carolina,  Maryland  and 
Virginia.^  Likewise,  during  a  period  of  warmer  climate  a  subtropical  and 
temperate  flora  flourished  at  a  higher  northern  latitude  than  at  the  present 
time.  As  has  already  been  stated,  it  is  probable  that  each  in tei^gladal  interval 
experienced  five  periods  of  climatic  variation— (1)  Arctic,  (2)  cold  temper- 
ate, (3)  temperate  (perhaps  subtropical),  (4)  cold  temperate,  (5)  Arctic. 
This  climatic  variation  has  been  observed  in  only  a  few  places,  notably  at 
Toronto  and  Chicago.  The  flora  of  the  former  locality  is  the  most  extensive 
of  any  known  Pleistocene  locality  within  the  glaciated  area.  The  plant  remains 
also  attest  the  presence  of  swamps,  lakes,  rivers,  and  vast  forested  areas,  com- 
parable with  the  same  territory  as  it  was  before  the  advent  of  the  White  Man. 

Among  the  plants,  trees  predominate,  perhaps  because  the  woody  leaves 
and  stems  were  more  readily  preserved.  Enough  of  the  other  brandies  of  the 
plant  kingdom  have  been  preserved  to  indicate  that  they  also  were  abundantly 
represented. 

II.  The  Fauna. 

I.  THE  MOLLUSCA 

Almost  half  of  the  life  of  the  Pleistocene  belongs  to  the  group  of  moUusks 
owing,  doubtless,  to  the  hard  shelly  skeleton  which  is  easily  preserved.  As 
in  the  case  of  the  plants,  the  most  complete  molluscan  fauna  occurs  at  Toronto 
and  Chicago.  A  greater  or  less  number  of  species  have  also  been  observed  in 
many  other  places.  The  Sangamon  interval  is  the  most  prolific  in  the  remains 
of  the  naiades,  evidencing  pronoiinced  lake  conditions  in  at  least  one  locality 
(Toronto).  This  type  of  mollusk  also  flourished  during^the  Aftonian  and  the 
Yarmouth  intervals.  The  species  from  these  early  deposits  show  that  little 
change  has  taken  place  in  this  group  during  the  glacial  episodes. 

The  fresh  water  univalves  are  abundantly  represented  in  all  strata,  many 
species  being  foimd  in  all,  or  nearly  all  of  the  interglacial  intervak;  notably, 


—  -_  — _j^  —  —  —  — ^  — ^        — 

« Beny,  Joum.  GcoL,  XV,  pp.  33S-349, 1909. 
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Valvala  incarinata,  Segmeniina  amUgara^  Planorbis  trivoltis,  Planorbis  antrosuSf 
Planorbis  pamis,  Galba  caperaia,  Galba  kumilis  modicella,  Galba  obrussa,  and 
Galba  palusiris. 

The  land  snails  are  perhaps,  the  best  represented  of  the  moUusks,  when  all 
of  the  intergladal  intervak  are  considered.  Many  species  of  some  genera  per- 
sist thruout  all  of  the  intervals,  as  VaUania,  Sirobilops,  Bifidaria  (Gastrocopia) 
Sucdnea,  Bdicodiscus^  Spkyradium,  Pyramidulaf  Zoniioides,  Vitrea,  Euconulm 
and  Polygyra.  So  far  as  known  these  species  do  not  di£Fer  materially  from  the 
same  species  as  they  exist  today  and  it  is  inferred  from  this  that  conditions 
during  at  least  a  part  of  these  intervals  did  not  differ  from  the  conditions  of 
today  in  the  same  r^ons. 

It  was  at  one  time  thot  by  many  biologists  that  the  Glacial  Period  was  a 
strong  factor  in  the  mutation  of  ^)ecies  and  varieties.  In  1894  Dr.  Pilsbry* 
stated  as  his  opinion  that  ''one  of  the  most  potent  causes  of  specific  or  varietal 
differentiation  has  been  the  glacial  epoch  which  undoubtedly  caused  a  south- 
ward movement  of  the  entire  northern  fauna.  Upon  the  recession  of  the  ice 
sheet  the  species  thus  driven  south  found  themselves  exposed  to  changing 
climate  and  food-plants  in  their  new  home.  Those  following  the  retreat  of 
the  ice  found  the  topography,  soil  and  drainage  systems  of  their  former  area 
in  the  north  vastly  changed. "  While  this  factor  has  been  found  to  have  been 
potent  in  changing  some  groups  it  seems  to  have  had  but  little  effect  upon  many 
moUusks,  the  tables  showing  that  a  large  number  of  the  species,  especially 
the  pulmonates,  both  land  and  fresh  water,  persist  practically  unchanged 
from  the  Af tonian  to  the  present  time.  The  great  differentiation  of  species, 
especially  among  the  land  snails  has  taken  place  beyond  the  limits  and  infl- 
ence  of  the  great  ice  invasions.  Too  little  is  yet  known  concerning  the  vertical 
distribution  of  the  fresh  water  pulmonates,  but  the  data  at  hand  indicate  that 
but  little  change  has  occurred.  It  is  believed  by  the  writer,  however,  that  the 
great  majority  of  the  numerous  species  of  the  fresh  water  pulmonates  have 
been  evolved  since  the  retreat  of  the  Wisconsin  ice  sheet.  The  species  pre- 
served in  intergladal  deposits  show  no  change  from  the  type  of  the  recent  forms 
of  the  same  species.  Farther  research  may  cany  many  of  the  spedes  into  pre- 
glacial  time  and  may  also  add  many  of  the  supposed  recent  species  to  the  list  of 
fossils.  As  previously  explained  (Chapter  X,  page  363  )  some  of  the  loess 
fossils  attest  a  change  to  a  drier  climate  during  some  of  the  intervals,  a  climate 
similar  to  that  of  the  southwest  in  Colorado  and  adjacent  states,  and  at  these 
times  a  few  peculiar  spedes  and  races  flourished  in  the  loess-covered  areas. 

II.  INSECTA   . 

The  insects  are  peculiar  in  that  all  but  four  species  are  extinct.  The 
majority  of  the  spedes  are  from  the  Toronto  deposits  of  the  Sangamon  Interval. 

>  Nautilus,  VIII,  p.  51. 
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A  less  number  are  from  cave  deposits  thot  to  be  pregladal,  while  a  few  are  from 
other  interglacial  and  postglacial  deposits.  Nearly  all  of  the  insects  are  beetles 
(Coleoptera)  and  the  majority  of  the  species  belong  to  the  families  Carabidae 
and  Staphylinidae,  the  first  represented  by  51  species  and  the  last  by  20  species. 
Other  orders  of  insects  are  but  meagerly  represented,  only  one,  Pkryganea^  be- 
ing certainly  identified.  The  insect  fauna  of  the  Pleistocene  will  probably  be 
very  largely  increased  in  number  of  species  when  the  interglacial  peat  deposits 
are  more  carefully  examined. 

III.  VEKTEBRATA 

The  vertebrates,  like  the  insects,  are  notable  for  the  large  number  of  extinct 
species  represented.  In  this  group  of  animals,  whole  families  are  extinct,  notably 
M^;atheriidae,  Equidae,  Camelidae,  Elephantidae,  and  Castoroididae.  Among 
the  other  families,  upwards  of  half  the  species  are  now  extinct.  The  number  of 
species  which  survived  the  glacial  episodes  and  became  extinct  during  postglacial 
(Wabash)  time  is  notable.    These  are: 

Megatherium  jefersoni  Bobtherium  sargenii 

Platygonus  compressus  Symbos  camfrans 

Mylohyus  nasutus  Mammid  americanum 

Cervalces  scoUi  Elepkas  firimigenius 

Cervalces  borealts  Elepkas  columbi 

Bison  UUifrons  Castoraides  oMoensis 

Conditions  for  these  animals,  as  well  as  for  the  insects,  must  have  changed 
radically  before  the  recent  or  human  period.  The  strong  South  American 
element  in  tht  vertebrate  fauna  is  to  be  especially  noted — Megahnyx,  Platy- 
ganuSy  Mylohyus — and  also  that  some  of  these  (as  Platygonus)  extended  in 
postglacial  time  as  far  north  as  New  York,  Indiana,  and  Michigan.  A  northern 
element  is  also  present  in  the  vertebrate  fauna,  consisting  of  the  mastodon, 
northern  elephant  (mammoth),  bibon,  bear,  reindeer,  and  musk-ox.  The 
horse,  so  abundant  in  the  Pliocene  Period,  becomes  scarcer  and  scarcer,  and 
the  last  authentic  records  seem  to  be  in  the  Sangamon  interglacial  interval. 
The  camels  became  extinct  very  early  in  the  Glacial  Period.  The  remains 
of  the  Cervidae,  Bovidae,  Elephantidae,  and  Canidae  occur  thruout  the 
different  interglacial  intervals,  indicating  that  during  these  intervals  a  varied 
mammalian  fauna  existed. 

Cope,  Osbom  and  other  paleontogologists  have  divided  the  Pleistocene 
mammals  into  faunal  zones  thereby  dividing  Pleistocene  Time  into  periods 
corresponding  to  these  faunas.  Cope^  divided  the  mammals  into  two  faimas, 
one  the  Megalonyx  fauna,  the  other  the  Equus  fauna,  the  former  inhabiting 
the  region  east  of  the  Great  Plains  and  the  latter  the  western  and  southwestern 


*  Amcr.  Nat.,  XXIV,  p.  593. 
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parts  of  the  country.  Th€  two  faunas  were  said  by  Cope  to  be  contemporary 
and  to  have  lived  diuing  pre-Champbun  time.  After  the  Champlain  time  a 
new  faima  is  thought  to  have  appeared,  consisting  of  existing  species  with  a 
few  remnants  of  the  pre-Champlain  fauna. 

Osbom^  recognises  four  faunas,  first,  the  Equus-Mylodon  zone;  second,  the 
Megalon}^  zone;  third,  the  Ovibos-Rangifer  zone;  and  fourth,  the  Cervus 
zone,  the  latter  being  the  fauna  immediately  preceding  the  discovery  of  Amer- 
ica by  Columbus.  The  first  two  zones  are  thot  by  Osbom  to  be  practically 
contemporary,  the  Equus-Mylodon  zone  being,  perhaps,  a  little  earlier  in  ap- 
pearance.   Scott*  follows  Osbom  in  his  treatment  of  Pleistocene  mammals. 

These  authors  in  these  works  have  not  taken  into  account  the  different 
glacial  advances  and  retreats,  and  the  resulting  inteiglacial  intervals,  and  a 
true  picture  of  the  vertebrate  Ufe  of  the  Pleistocene  can  be  gained  only  by  a 
study  of  the  stratigraphy  of  the  Pleistocene  deposits  in  connection  with  the 
biotic  remains  contained  in  these  deposits,  as  has  already  been  pointed  out 
by  Hay.'  The  deductions  of  Cope,  Osbom  and  others  are  mainly  based  on 
material  found  in  strata  beyond  the  limits  of  the  ice  sheets,  which  cannot  be 
positively  correlated  with  the  glacial  divisions  of  this  period  for  obvious  reasons. 
Many  other  records  are  from  cave  deposits  and  bed  rock  fissures,  which  are 
usually  of  doubtful  age  stratigraphically.  Exact  knowledge  of  the  extent 
and  survival  of  Pleistocene  mammals  (as  of  other  groups  of  animals  and  plants) 
can  be  gained  only  by  a  study  of  material  contained  in  interglacial  deposits 
of  undoubted  age.  It  wiU  probably  be  possible  to  separate  the  Pleistocene 
mammals  into  early,  middle,  and  late  zones  or  faunas.  Dr.  Hay^  sums  up 
the  situation  based  on  our  present  knowledge  in  the  following  words;  "It 
looks,  therefore,  as  if  the  earliest  Pleistocene  was  characterized  by  the  existence 
of  numerous  edentates,  horses,  camels,  tapirs,  and  saber-tooth  cats,  and  few 
bisons,  while  during  the  later  pre- Wisconsin  Pleistocene,  there  were  few  eden- 
tates, few  horses,  no  camels,  few  saber-tooth  cats,  but  numerous  bisons." 
The  tables  presented  in  this  chapter  furnish  evidence  of  the  truth  of  this  state- 
ment 

Extended  analysis  of  the  tables  herein  presented  would  be  unwise  in  the 
light  of  our  present  imperfect  knowledge  of  the  life  of  the  different  intervab. 
Factors  of  stratigraphic  differentiation  must  be  found  in  the  insects  and  mam- 
mals, the  plants  and  mollusks  being  of  Uttle  value  for  this  purpose  on  account 
of  their  uniformity  thruout  the  interglacial  intervals.  Plants,  however,  are 
good  indicators  of  climatic  changes  and  have  had,  and  will  continue  to  have, 
an  especial  value  in  placing  the  climate  of  the  fauna  which  may  be  found 

*  Age  of  Mammals,  1910,  pp.  452-467;  Hay,  Smith.  Mis.  Coll.,  LIX,  pp.  :M5. 

*  A  History  of  Land  Animals  in  the  Western  Hemisphere. 
'  Smith.  Mis.  Coll.,  LIX,  pp.  3-16, 1912. 

•O^ci/.,  p.  IS. 
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associated  with  them.    Mollusks  are  excellent  indicators  of  ecological  condi- 
tionsy  which  they  usually  rather  accurately  attest. 

III.  Man  in  the  Pleistocene 

It  is  singular  that  the  bones  of  Homo  have  not  been  found  in  America  in 
connection  with  interglacial  deposits.  There  are  several  references  in  the 
literature  to  such  remains  in  connection  with  glacial  deposits,  but  investiga- 
tion has  nearly  always  resulted  in  referring  the  specimens  to  recent  burial  or 
inclusion.  Some  years  ago  parts  of  a  human  skeleton  were  found  in  deposits 
at  Lansing,  Kansas,  thot  to  be  loess  of  Peorian  Age.*  Later  investigations,^^ 
however,  led  to  the  conclusion  that  the  human  relics  were  later  in  age  than  the 
deposits  in  which  they  were  found,  and  it  was  also  shown  that  the  deposit  was 
not  loess." 

In  Eucppe,  parts  of  skeletons,  as  well  as  cultural  articles,  have  been  found 
in  connection  with  intei^glacial  deposits.  The  oldest  human  remains  (des- 
cribed as  Homo  heidelbergcnsis)  were  found  in  deposits  referable  to  the  Mindel- 
Riss  interglacial  epoch  of  European  glacialogists,  which  is  correlated  in  time 
with  the  Yarmouth  or  second  interglacial  interval  of  American  glacialogists." 
Cultural  articles  in  Europe  have  also  been  found  in  deposits  of  middle  Oligocene 
age. 

Recently,  human  remains  have  been  reported  from  deposits  in  Florida 
apparently  referable  to  early  or  middle  Pleistocene  time.  These  deposits 
occur  at  Vero,  on  the  Atlantic  coast  of  east-central  Florida,  chiefly  in  an  old 
stream  bed  which  was  uncovered  during  the  construction  of  a  drainage  canal. 
The  strata  were  undisturbed  previous  to  the  canal  work  and  it  is  thot  that  the 
human  remains,  as  well  as  the  vertebrate  remains  associated  with  them,  were 
deposited  in  the  stream  during  Pleistocene  time.^  There  were  associated  with 
the  human  remains,  in  addition  to  the  bones  of  birds,  reptiles,  amphibians, 
and  fishes,  a  number  of  mammal  skeletons  mostly  fragmentary,  belonging  to  the 
following  species: 

DidelpHs  virginiana  Sigmodon  hispidus 

Dasypus  species  Neotoma  floridana 

Cfilamytkerium  septentrionalis  Neofiber  aUeni 

•Upham,  Amer.  Geol.,  XXX,  pp.  135-150,  1902;  Science,  N.  S.,  XVI,  p.  355;  Amcr. 
Geo!.,  XXXII,  pp.  185-187,  1903;  Williston,  Science,  N.  S.,  XVI,  pp.  195-196,  1902;  Amer. 
GcoL,  XXXV,  pp.  342-346,  1905. 

"Calvin,  Chamberlin,  Salisbury,  Journ.  Geol.,  X,  pp.  745-779,  1902;  Shimck,  Amcr. 
Geo!.,  XXXII,  pp.  362-364,  1904. 

"  Shimek,  Bull.  Lab.  Nat.  Hist.,  Univ.  Iowa,  V,  pp.  346-352, 1904.  See  also  Proc.  Iowa 
Acad.  Sci.,  XXIV,  pp.  93-98, 1917. 

"  Osbom,  Men  of  the  Old  Stone  Age;  The  Age  of  Mammals. 

"  Scllards,  Science,  N.  S.,  XLIV,  pp.  615-617,  1916;  8th  An.  Rcpt.  Florida  Geol.  Surv., 
pp.  121-160, 1916;  9th  An.  Rept.,  Florida  Geol.  Surv.,  pp.  69-81, 1917.  Also  Nelson,  Science, 
N.  S.,  XLVII,  pp.  394-395, 1918. 
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Eqttus  liUoraUs?  SyltUagus  palustris 

Tapirus  kaysii?  Sc4Ucpus  a^wUicus  ausiralis 

Tayassulenis  Vrsus  Jloridanus 

Bison  spedes  Procyou  loior 

Odocaileus  oscecia  Lutra  canadensis 

Odocoileus  sdlardsiae  Vtdpes  palmoria 

MammtU  americanum  Cants  riwiveronis 

Elepkas  columbi  Canis  qxcies 

Oryunnys  palusiris  Lynx  rufus  fiaridanus 

Of  the  above,  13,  or  over  50  percent,  are  extinct,  and  the  conclusion  of 
Dr.  Hay  as  to  the  age  of  the  deposit  seems  justified.  Commenting  on  this 
point,  Hay  sa)^  {op,  cU,,  p.  67):  "We  are,  therefore,  confronted  by  questions 
as  to  the  antiquity  of  these  human  remains.  As  has  akeady  been  indicated, 
the  writer  believes  that  the  deposits  in  question  are  not  only  of  Pleistocene 
age  but  of  early  or  middle  Pleistocene.  He  is  also  convinced,  after  having 
examined  the  locality  and  collected  fossils  from  it,  that  the  human  remains  are 
as  old  as  the  deposits  in  which  they  are  found. " 

The  age  of  these  human  remains  is  not  yet  entirely  dear  in  the  minds  of 
several  leading  American  geologists  and  anthropologists.  A  conference  was 
held  at  Vero  in  October,  1916,  at  which  the  following  men  were  present :  Dr .0.  P. 
Hay,  Dr.  G.  G.  MacCurdy,  Dr.  A.  Hrdlicka,  Dr.  T.  W.  Vaughan,  and  Dr.  R.  T. 
Chamberlain.  In  March,  1917,  Dr.  E.  W.  Berry  visited  the  locality.  Papers 
by  these  gentlemen  relating  to  the  deposits  and  to  the  human  remains  con- 
tained therein,  have  been  published  in  Volume  25  of  the  Journal  of  Geology. 

The  Florida  deposits  are  far  beyond  the  limits  of  the  ice  sheets  of  Pleistocene 
time  and  they  bear  an  unknown  relation  to  the  interglacial  intervals  of  the 
Glacial  Period.  Hay  presents  some  evidence  (op.  cU.^  pp.  67,  68)  of  Man's 
presence  in  deposits  apparently  older  than  Wisconsin,  but  while  they  are  sug- 
gestive, they  are  scarcely  as  definite  as  desired  and  necessary  for  the  indubitable 
evidence  of  Man's  occupancy  of  the  glaciated  territory  during  the  progress 
of  the  Glacial  Period.  It  remains  true,  as  far  as  the  writer  has  been  able  to 
ascertain,  that  no  undisputed  record  of  the  presence  of  human  bones  is  known 
from  interglacial  deposits  in  the  territory  once  covered  by  the  great  ice  sheets. 

IV.  Conclusion 

The  evidence  accumulated  during  the  preparation  of  this  volume  indicates 
that  the  interglacial  intervals,  especially  the  Yarmouth  and  Sangamon  inter- 
vals, were  of  wide  extent  and  long  duration  and  that  the  animal  and  plant  life 
was  varied  and  consisted  of  a  large  number  of  species.  It  is  probable  that  con- 
ditions during  these  intervals  were  not  largely  diCFerent  from  those  of  today, 
at  least  during  the  temperate  period  of  the  intervals.    Osbom"  believes  that 

M  Hay,  9th  An.  Rep.,  Florida  Geol.  Surv.,  pp.  45^,  1917. 
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the  biota  was  not  seriously  afiPected  until  the  San^unon  interval.  This  author 
says: ''Until toward  the  close  of  third  Interglacial  Times  no  traces  of  northern 
much  less  arctic  forests  and  animals  are  discovered  anywhere,  excepting  along 
the  borders  of  the  ice  fields.  It  would  appear  as  if  the  animal  and  plant  life 
of  Europe  and  America  were,  in  the  main,  but  slightly  affected  by  the  first  three 
glaciations.  We  cannot  entertain  for  a  moment  the  belief  that  in  glacial  times 
all  the  warm  fauna  and  flora  migrated  southward  and  then  returned,  because 
there  is  not  a  shred  of  evidence  for  this  theory.  It  is  far  more  in  accord  with 
the  known  facts  to  believe  that  all  southern  and  eastern  forms  of  life  had  be- 
oane  very  hardy,  for  we  know  how  readily  animals  now  living  in  warm  earth 
belts  are  acclimatized  to  northern  conditions. " 

It  is  probable  that  Osbom  here  has  in  mind  the  biota  living  at  the  margin 
or  somewhat  to  the  south  of  the  ice  fiont,  because  all  the  evidence  indicates 
that  all  life  moved  southward  in  the  path  of  the  advancing  glacier  or  suff/ered 
extinction.  There  was  undoubtedly  an  unusual  commingling  of  arctic,  temper- 
ate, and  warm  faunas  and  floras  in  the  region  south  of  the  ice  sheet  and  the 
southern  forms  probably  did  become  more  or  less  acclimatized  to  a  climate 
colder  than  was  normal  for  them;  but  when  the  ice  sheet  melted  and  retreated 
the  arctic  and  temperate  animals  undoubtedly  migrated  northward,  as  is 
plainly  indicated  by  the  r^nains  of  these  animals  and  plants  in  territory  to 
the  north  of  the  southern  boundary  of  the  till  sheets  (cf .  Af  Ionian  and 
Yarmouth). 

Salisbury^  sums  up  the  effect  of  the  Ice  Age  on  the  biota  and  his  conclusions 
seem  to  well  describe  the  situation  as  it  is  indicated  by  the  facts  at  present 
known. 

"The  great  changes  in  the  physical  processes  which  this  on-coming  of  the 
ice-sheets  brought  into  operation,  effected  corresponding  changes  in  life  and 
in  the  processes  which  depend  on  life.  In  the  first  place,  the  total  amount  of 
land  life  must  have  been  greatly  reduced.  If  accoimt  be  taken  of  motmtain 
gladation  in  both  hemispheres  as  well  as  of  the  ice-sheets,  it  is  probably  within 
the  limits  of  truth  to  say  that  conditions  became  so  far  inhospitable  as  nearly  to 
eliminate  land  life  from  about  one-seventh  of  the  land  of  the  globe,  and  to 
have  rendered  conditions  relatively  inhospitable  over  a  still  larger  area.  .  . 

"The  crowding  of  land  life  off  8,000,000  square  miles,  more  or  less,  must 
have  tended  to  concentrate  it  upon  the  land  which  still  remained  hospitable, 
and  to  decimate  or  exterminate  those  forms  which  could  not  migrate  readily. 
...  It  would  seem,  from  the  series  of  physical  changes  sketched,  that  very 
profound  changes  in  life  should  have  followed,  but  it  must  be  confessed  that, 

**  Outlines  of  Geologic  Histoiy  with  especial  Reference  to  North  America,  pp.  271-272. 
References  to  marine  conditions  are  omitted. 
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in  spite  of  the  conditions  which  it  would  seem  must  have  been  &vorable  for 
great  destruction  of  life,  and  for  imposing  great  modifications  upon  that  which 
survived,  statistical  evidences  of  the  changes  which  followed  are  less  impressive 
than  would  have  been  expected.  The  data  at  hand  point  to  extensive  migra- 
tions, but  not  to  exterminations  and  profound  modifications  which  might  have 
been  expected.  It  seems  impossible  to  think  that  the  changes  of  climate  which 
drove  musk  oxen  to  Kentucky  and  Virginia,  and  Arctic  plants  and  reindeer 
to  the  lowlands  of  central  Europe  and  to  the  Mediterranean,  were  without  very 
profound  biologic  significance,  unless  the  life  of  the  earth  had  reached  a  ccmdi- 
tion  of  far  greater  stability  than  that  of  earlier  times,  when  lesser  physical 
changes  seem  to  have  produced  greater  biological  changes. " 

Table  showing  Distribution  of  Life  during  each  Interglacial  Interval 
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It  is  apparently  in  accord  with  the  ascertained  facts,  as  indicated  by  the 
fossil  remains  found  between  the  till  sheets,  and  listed  in  this  work,  to  believe 
that  at  each  interglacial  interval  there  was  first  a  migration  northward  into 
territory  laid  bare  by  the  retreating  ice  and  later  a  southward  migration  as  the 
climate  changed  with  the  on-coming  of  the  new  glaciaton;  that  this  to  and  fro 
migration  was  repeated  four  times  and  is  now  in  its  fifth  northward  migration 
period;  and  that  the  effect  of  such  forced  migrations  has  been  to  cause  the  ex- 
tinction of  many  species  of  insects  and  mammals,  while  causing  little  change  in 
plants  and  moUusks.  There  were  probably  other  causes  contributary  to  the 
extinction  of  the  insects  and  mammals,  but  we  must  believe,  f;rom  the  strati- 
graphical  evidence,  that  the  physical  changes  brought  on  by  the  Glacial  Period 
contributed  largely  to  the  dying  out  of  so  many  species  of  these  two  highly 
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developed  groups  which  were  evidentiy  not  as  able  to  adapt  themselves  to 
changing  conditions  as  were  the  other  groups.  Additional  data  may  change 
these  deductions,  which,  however,  seem  to  be  justified  by  the  information  pro- 
vided by  the  animal  life  thus  far  obtained  from  deposits  laid  down  between 
the  several  till  sheets. 
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SPEKMATOFHYTA 
GYMNOSPERMAE 

Taxaceas 

Taxus  canadensis  Marsh. 

minor  (Michx.)  Britton 


11 


PiNACEAK 


Pinus  rigida  MiU 

"     strobus  L.... 

"     taeda  L 

ft 


I 

K 


tf 


ft 


species 
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Ericaceae 
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Pisiimm  vetOriccsum  (Prime) 

"       waUricosum  castatum  Stcrki. 

vesicidare  Sterki? 

virginicum  (Gmdin) 

walkeri  Sterki 

pditum  Sttfki 

pdUum  decontm  Sterki 
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GASTROPODA 
Helkinidae 


BdUma  occuUa  Say. 


Pleubocesidae 

PUwoura  subulare  (Lea) 

devaium  (Say) 

elcvolMfi  lewisii  OLea) 

canalUyiaium  (Say) 

"        cUuere  (Coniad) 

"         mitciaU  (Haldeman) 
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"        Jtwsems  utafarefiiis  (Lea). 
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ilffCMbxa  ar^loto  Anthony. 


AlCNICOLIDAE 


Pyrgidopsis  scahrijormis  Wolf., 

Pomatiopsis  lapidaHa  (Say) 

i4#Nitcoto  lifMsa  (Say) 

/{ifk»5a  ^o/a  (Say)... 

limosa  parva  (Lea) 

emarginaia  (Kiister). 

cincin$uUiensis  (Lea). 

luskica  Pilsbry 

fef^iml  Walker 

g^lbana  (Say) 

walkeri  Pilsbry 
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SomaUfgyrus  integer  (Say) 

sukgkbosus  (Say). 
iepressus  Tryon... 
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Pcludeshina  rnddimoHa  (Lea). 
temdpes  Couper 


ViVIPAXIDAE 

Vhipara  inUrtexta  (Say) 

"       stibpurpfirea  Say 

Campdoma  deeisum  (Say) 

"         pondenmum  (Say) 

"         stAsoUdum  (AnthoQy) 

"         sid>soKdum  exiUs  (AnUuny). 

*'         inlegmm  (DeKay) 

"         integntm  chesum  (Lewis) 

Licplax  cydostamaHformis  (Lea) 


Valvatidae 

Valvata  sincera  (Say) 

Uwisii  Cuirier - 

0&l«5a  Diap 

trUannaia  (Say)*.. 

tricannaia  ccnfnsa  Walker. 

trkarinaia  simplex  Gould 

tricarinata  unicarimUa  DeKay 

trkofinata  infracarinata  Vanatta. 

hUainiuUa  (Lea) 

hicoHnaSa  perdepressa  Walker. , 
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PULMONATA 

Physidae 
Physa  keterastropha  Say 

layitTappan 

a$iciUaria  Say 

waneniana  Lea 

tfito^«  Haldeman 

niagarensis  heti 

wo/Am  Crandall 

^naSay 

gyrina  kildretJnana  Lea 

MpiicaLta, 

apUctoides  SttAl , 

ApUxa  hypnorum  (Linn.) 
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Ancyudae 

Gundlackia  vpitKiit& 

Ancy^  paraUelus  Haldeman 
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AncyUu  rivularis  Say 

fuscus  Adams 

tardus  Say 

kirkhndi  Walker. 


ft 
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Planokbidae 

SeimetUina  armigera  (Say) 

PkmoHns  irivoMs  Say 

bmneyiTrycn 

campamdatus  Say 

mUrosus  Conrad 

ontrasus  striakis  Baker. 

anirosus  augistomus  HaMeman. 

aUissimus  Baker 

exacuousSty^ 

rubellus  SttM 

defledus  Say 

umbUicaUUus  CockereU 

MrsuiusGwM 

dUatatus  Gould 

parwis  Say 

parvus  urbanensis  Baker 

crista  Linn  ? 

crista  cristata  Drap 
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Lymnaeidae 

Lymnatastagnalis  apprtssa  (Say) . 

Pseudosuccinea  columella  (Say) 

Acella  haldemani  (Desh.  Binn.) 

Galba  caperata  (Say) 

^ofva  (Lea) 

rffltf*  (Baker) 

kumilis  modiceUa  (Say) 

humilis  rustica  (Lea) .^... 

06fi»fja  (Say) 

obrussa  decampi  (Streng) 

obrussa  exiqua  (Lea) 

galbana  (Say) 

anUcostiana  (Dall) 

doAm  (Walker) 

palustris  (fi^HWtT) 

rejUxa  (Say) ...,. 

«/arf«(Say) 

nashotahensis  (Baker) 
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Galba  catascopium  (Say) 

emarginata  canadensis  (Sowb.)- 


9t 


AUKICUUDAE 

Caryckium  exiguum  (Say) ^ 

exile  H.  C.  Lea 
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Valloniidae 

VaUenia  pamda  Sterki 

gracilicosta  Reinh 

cojtoto  rMoJler) 

pulcheila  (Mtlller) 

perspectiva  Sterki 

cydophordla  Ancey 
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PUPILLIDAE 

Sircbihps  labyrinUtka  (Say) 

aj^ww  Pilsbry 

virgo  PUsbry 

Pupaides  marpnai/HS  (Say) 

^^Bifidaria  armifera  (Say) 

cofUracta  (Say) 

pentodon  (Say) 

tappaniana  (C.  B.  Adams). 

kdtingeri  Sterki 

procera  (Gould) 

corticaria  (Say) 

PupiUa  mtiscorum  (Linn.) 

(/afu/f  (Morse) 

decora  (Gotdd) 

Leucockila  faUax  (Say) 

Vertigo  tridenkUa  Wolf 

owte  Say 

milium  Morse 

m<7r5M' Sterki 

holltsiana  Morse 

elatior  Sterki 

modesta  Say 
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COCHUCOPIDAE 

Cochlicopaliibrica{l/liSML<et) 


SUCCINEIDAE 


Sttccinea  ovalii  Say. 
avara  Say.. 
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^*  This  genus  is  now  known  as  Gastrooopta 
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Succinea  grasvmori  Lea. 
retusa  Lea 


>f 


Endodontidae 
Sphyradium  edenlulum  alticcla  Ingersoll. 

Hdicodiscus  paraUdus  (Say) 

Puncium  pygmaeum  (Drap.) 

Pyramidida  crankhitei  anthanyi  Pilsbry. 

perspectiva  (Say) 

skimekii  (Pilsbry) 

aUemata  (Say) 

solitaria  (Say) 

Oreohelix  iowensis  (Pilsbry) 
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LiKACmAE 

Agriolimax  campestris  Binney 

Litnacid,  species  indet 
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tt 


tt 
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ZoNixroAE 

Ckutrodamaligera  (Szy) 

Zomioides  arharea  (Say) 

nitida  (MliUer) 

minuscula  (Binney) 

laeviscula  Sterki 

milium  (Morse) 

Euconulus  fidvus  (Mtiller) 

chersinus  (Say) 

cher sinus  pdygyratus  (Pilsbry). 

5fer*«(DaU) 

Viiirea  kammonis  (Str6m) 

indentata  (Say) 

fAoo^W  Pilsbry 

wheaUeyi  (Bland) 

Ompkalina  fidiginosa  (Griffith) 

inorruUa  (Say) 
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tt 


CntCINARIIDAE 

Circinaria  concava  (Say) 


Heucidae 

Polygyra  monodon  (Racket!) 

fraterna  (Say) 

kirsiUa  (Say) 

mitckelliana  (Lea) 

dausa  (Say) 
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Fdyiyra  thyroides  (Say) 

pennsyhanica  (Green) 

deoata  (Say) « 

paUiata  (Say) 

fMiUUineala  (Say) 

taleta  (Binney) 

albohbris  (Say) 

albohbris  aUmi  (Wetherby). 

albelabris  dentaia  (Tiyon) 

5ayafMi  PSlsbry 

frofumda  (Say) 

inJUcta  (Say) 

stm4flfema  (Fer.) 

apprtssQ  (Say) 

tridentoia  (Say) 

fraudulenta  lilsbry 

divesia  (GoM) 
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ARTHROPODA 

CRUSTACEA 

Cambarus  bUtndingi  acutus  Girard 

GamfRorttj  ^>ecie8 

Cypfis 

Ostracod 


INSECTA 
COLEOPTERA 


Wings  of  beetles. 


Byrkhidae 
Byrrkus  aiiawaensis  Scudder 


SCASAB.\EIDAE 

Aphodius  praecursor  Scudder 

nucans  Scudder 

scuteUaris  Scudder 

Pkanacus  antiquus  Scudder 

Ckoeridium  ebeninum  Scudder 


7> 


I* 


Carabioae 
CUaenius  puncUUissimus  Scudder 

plkatipennis  Wickhano 

Puncttdatiis  Scudder 

Cofobus  nuieander  sangamon  Wickham. 
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Cyndndis  omora  Scudder 

**        txiorptscens  Scudder. 
DicQidus  aluiaceus  Scudder 


r> 


Pleras^kkms  laevigiUus  Scudder..*.,. 
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UmgipeHHis  Scudder. 
abrogahts  Scudder..... 
deMuius  Scudder.... 

Jfoctus  Scudder 

destmctus  Scudder...., 

gdidus  Scudder 

defktus  Scudder 

darmiians  Scudder.... 

Cyckms  wkealUyi  Scudder 

**      minar  Scudder 

EUpkms  irregularis  Scudder 

gfacialis  Scudder 

lutosa  Scudder 

exita  Scudder 

Nd^ria  absiracia  Scudder 

Btmbidium  glaciaium  Scudder 

haywardi  Scudder 

vestigium  Scudder 

vanum  Scudder. 

praeleritum  Scudder... 

expieium  Scudder 

damnosum  Scudder.... 
fragmefUum  Scudder. 

Pairobus  gdaius  Scudder 

decessus  Scudder 

Jrigidus  Scudder 

henslovd  VfldLhem 

Bodisier  aniecursar  Scudder 

Plaiynus  casus  Scudder 

kindei  Scudder 

haUi  Scudder 

dissipaius  Scudder 

desuelus  Scudder 

harttH  Scudder 

ddapidatus  Scudder 

extermimUus  Scudder 

interglaciaUs  Scudder 

subgdidus  Wicldiam 
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Pldynus  interilus  Scudder 

pleistocenicus  Wickhmm. 

longaevus  Scudder 

Harpalus  candiius  Scudder 


i» 


ff 


Dytiscidae 

Coelambus  derdictus  Scudder 

cribrarius  Scudder 

infemalis  Scudder 

disjectus  Scudder 

Hydfoporus  inanimates  Scudder 

"        inundaius  Scudder 

"        secius  Scudder 

Agahus  saoagti  Wickham 

Agabus  perdUus  Scudder 

Agabus  praeliigens  Wickham 

Species  indet 


■B 
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Gysinidae 


Gyrinus  canfinis  LeConte 


Hydrophiudae 

Cymbiodyta  exsUncta  Scudder 

Hydrockus  amictus  Scudder 

Helopkort4S  regescens  Scudder 


Staph  YLiNiDAE 

Gymnusa  ahstns  Scudder 

Quedius  deperditus  Scudder 

Pkihnthus  daudus  Scudder 

Cryptcbium  delectum  Scudder 

"        cinctum  Scudder 

Laihrobium  inter glaciale  Scudder.. < 

antiqttatum  Scudder 

debilitaium  Scudder 

exesum  Scudder 

inhibUum  Scudder 

frtistum  Scudder 

Oxyporus  stiriacas  Scudder 

Bledius  glaciattis  Scudder 

Geodromicus  stiricidii  Scudder 

Acidota  crenata  Fabr.  (var.  nigra) 

Arpedium  stillicidii  Scudder 

Olopkrum  cdatum  Scudder 

arcanfim  Scudder 
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(Hopkrum  dejedum  Scudder 

"       inUrglcciaU  Wicldham. 


Chrysomeudae 

Dcnacia  sUria  Scudder 

"      pompatica  Scudder 

ehngoHda  Scudder 

styrioides  Wickham 

proxima  Kby 

Saxinis  regtdaHs  Scudder 
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Tenebrionidae 
TendfriocakulensisSQMdAa 


Elateridae 

Fornax  ledensis  Scudder 

Corymbites  aetkiopsUbst? 


CURCULIONIDAE 

Eryctis  consumptus  Scudder 

Anlkonomus  eversus  Scudder. , 

fossUis  Scudder 

lapsus  Scudder 

Orchestes  aous  Scudder 

Centrinus  disjunctus  Scudder 


It 


tt 


SCOLYTIDAE 

Phloeosinus  squalideus  Scudder 


Trichoptera 

Pbryganeidae 
Phryganea  ejecta  Scudder , 


DiPTERA 


Unnamed  fragments. 


VERTEBRATA 

PISCES 

Sauconidae 
Cristivomernamycusk  (Walbaum) 


Amia  calva  Linn. 


Fragments. 


AlCtDAE 


SlLtTRIDAE 
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Cemtraxcbidax 


JU^0fiw5  species. 


Scales  of  fishes. 


AMPHIBIA 
Raihdae 


Rana  species. 


REPTILU 

Emydidae 

Oemmys  insculpta   LeCoote 

"       percrassus  Cope 

Tenafane  anguiUukUa  (Cope) 

Ttrrapane  Carolina  (Linn.) 

Mud  turtle 


COLUBSXDAE 

B^scanion  acuminatus  (Cope) 


AVES 
Anatidae 


Utrpts  senalor  (Linn.). 


SCOLOPAEIDAE 


GoUinago  species. 


Peasianidak 

MeUagris  superbus  Cqpe , 

Genus  et  species  incertc  cedis 


MAMMALU 

Megathesiidae 
Megalonyx  wkeaUeyi  Cope 

laxodoH  Cope 

torkdus  Cope 

scalper  Cape 

leidyiliDdBhl. 

jeffersoni  Desmaiest 

Mylodan  hariani  Owen , 

ParamyicdoH  nebrascensis  Brown 
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Equus  compUcatus  Leidy. 
"     fratemus  Leidy 


Equidae 
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Equus  eoxdsus  Leidy. 

"     occideiUaHs  Leidy 

"     scaiU  Gidley 

"     pecHnaius  Cope 

"     laurenHus  Hay 

"     mobrarensis  Hay 

Neokipparion  grtUum  (Leidy). 


Tapisidae 


Tapirus  haysU  Leidy. 


Tayassutoab 

Lepkfckoerus  tpcdes 

Mylohyus  nasutus  Lady. 

temerafius  Hay 

pennsyhamcM  (Leidy) 

tetragoHus  (Cope) 

Tayassu  lenis  (Leidy) 

Ptatygonus  compressus  LeConte 

"        w^tf  Leidy 


» 


tt 
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Caiceltdae 

Camdops  kansanus  Leidy 

"       vUakerianus  (Cope) 

Cmndus  americanus  Wort 


»i 


TeUopiennus  orienUUis  Cope. 


Cexvidae 

Alces  americanus  Clinton 

"    skimeki  Hay 

Cenakes  scoUi  Lydekker 

roosvdti  Hay 

harealis  Bensley 

OdocoiUus  virginianus  (Zimm.) 

laevicomis  (0>pe) 

wkUneyi  (Allen) 

Caprameryx  fufcifer  Matthew 

Aiw^iSf  species 

"       caribou  (Gmelin) 

"       tnuscaiinensis  Leidy 

Cervus  canadensis  Endaben 
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AjNnLOCAPRIDAE 

AfMocapra  americana  Ord 
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BOVIDAE 

Bism  aniiquus  Lddy 

"     bison  (Liim.) 

"     aUeni  Mareh 

"     occideiiiaHs  Lucas. 

"     lok^rms  (Harian) 

Symbos  camfrons  (Leidy) 

Bodihmum  hombifnms  (Hailan) 

"         sargenii  Gidley 

Oiibas  moschUus  Zunm 

Afldnius  cahini  Hay 


.a 

M 


Elefhamtedae 

JfoMififlii  americanum  (Kerr) 

"        progemum  Hay 

ISJkaMo^MfMtf  miri^cttf  (Lddy) 

Ekpkas  primigenius  Bhim 

imparaior  Leidy 

coJMfn^' Falconer 
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» 


SCIUKIDAE 

Sciurus  calycinus  C<^ 

Cynomys  ludavicianus  (Ord) 

Marmoia  fiumax  (Linn.) 


Castoridae 


Castor  canadensis  Kuhl. 


MUXIDAE 

Peramyscus  leucopus  (Raf.) 

Anapiogonia  kiaiidens  Cope 

Sycium  ddacinum  Cope 

Micr&kis  pmnsyvlanicus  (Old) 

<f«fo«ianMJ  Cope ^. 

speoihen  Cope 

didtUa  Cope 

fMM^filitf  Cope 

ampkibius  Cope 

Fiber  zibeikicus  (Linn.) 
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Geokyidae 

Geomys  bnrsarius  (Shaw) 

Tkomomys  sptdes 
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DiFLOPOUDAE 

Zapus  kudsomcus  (Zimm.) 


Ebethizontidae 
iarsaius  (Linn.)— ^ 


Castoroididae 

Cttstoraides  okiotiuis  Foster 

"         kanseHsis  Martin 


OCBOTONIDAS 

OckaioHa  palaimus  (Cope) 


Lefobjdae 
Syhfilagus  floridanus  (Allen) 


Leptictidae 
Anomodon  snyderi  LeConte 


Taiftoae 


Scehps  species. 


SOBICIDAE 

Blarinc  simpUcidens  Cope 


Vesferhuoiodae 


VtspertUio  tpecies. 


USSIDAE 


Vfsus  americanus  Pallas... 

"     procerus  Miller 

Arctodus  kaplodon  (Cope). 


ICUSTEUDAE 

Taxidea  Utxus  (Schreber) 

Mephitis  fossidens  Cope 

ortkostickus  Cope 

obtusaius  Cope 

leptops  Cope 

mepkUica  (Shaw) 

OsmoUterium  spdaeum  Cope 

PdycicUs  lobtdatus  Cope 

Musida  dUuviana  Cope 

Gulc  hiscus  (Linn.) 
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Lutra  rkoadsii  Cope z 
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ntOCYONIDAE 

Frocyon  prisc%ts  LeConte. 


CANIDAE 

Camis  laifom  Say 

priscokUrans  Cope 

UUidenUUus  (Cope) 

occidenUtlis  Richardson 

dirushady 

mississippiensis  Allen 

indianensis  Leidy 

Mtocyoif  species 

Urocyan  cinereoarienUUus  (Sdiieber). 

FEUDAE 

Fdis  inexpecUUus  (Cope) 

cakaraius  Cope 

eyra  Desm ^ 

Uockmrodus  ffracUis  Cope 

"  meremi  Cope 
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CHAPTER  XIII 

SOME  SUGGESTIONS  FOR  FUTURE  STUDY 

Detailed  studies  such  as  those  carried  on  at  Toronto  and  in  the  Chicago 
basin,  should  be  conducted  in  all  favorable  localities  once  covered  by  post- 
glacial waters.  The  correlation  of  the  results  of  such  investigations  wiU  go 
far  toward  clearing  up  many  uncertainties  which  now  surround  the  interpreta- 
tion of  certain  biotic  phenomena,  especially  relating  to  the  early  stages  of  the 
ponded  waters.  A  number  of  typical  localities  have  been  studied  critically 
stratigraphically,  and  maps  and  other  data  are  available  as  guides.  The  more 
notable  of  these  areas  may  be  briefly  considered. 

GLACIAL  LAKE  AGASSIZ 

This  immense  lake  built  up  several  shore  lines  in  which  a  few  evidences  of 
life  have  been  found  (see  page  164).  The  outlet  thru  Traverse  and  Big  Stone 
lakes,  as  well  as  protected  bays  and  shallow  water  regions,  should  contain 
deposits  which  might  reveal  something  of  the  biotic  history  of  the  lake.  Both 
in  northern  Minnesota  and  in  Manitoba  favorable  localities  undoubtedly  occur. 
It  is  believed  that  sheltered  spots  on  Beltrami  Island  of  Lake  Agassiz  (now  the 
Red  Lake  Indian  Reservation)  may  have  preserved  some  of  the  Ufe  of  the  lake 
in  deposits  formed  during  its  di£Ferent  stages.  Warren  Upham's  monograph. 
"The  Glacial  Lake  Agassiz  "is  an  indispensable  aid  in  conducting  investigations 
on  the  shores  of  this  ancient  lake.  The  county  maps  in  the  Final  Reports  of 
the  Geological  and  Natural  History  Survey  of  Minnesota,  especially  volume 
IV,  will  be  found  very  helpful  in  this  work. 

LAKE  MAUMEE 

The  Wabash  River,  like  the  Desplaines  in  Illinois,  served  as  an  outlet  for 
the  first  postglacial  lake  in  Ohio  and  Indiana,  Lake  Maiunee.  The  city  of 
Fort  Wayne  is  built  upon  a  portion  of  the  ancient  outlet,  much  as  are  certain 
portions  of  Chicago's  western  suburban  towns  built  on  the  ancient  outlet  of 
Lake  Chicago.  Studies  in  the  sedimentary  deposits  left  by  the  lake  in  this  area 
would  most  likely  be  productive  of  results  similar  to  those  obtained  in  the 
Chicago  region.  During  the  Lake  Maimiee  stage,  the  life,  which  had  been 
crowded  south  of  the  ice  sheet,  undoubtedly  migrated  northward  and  occupied 
sheltered  and  shallow  parts  of  this  body  of  water,  in  the  same  manner  as  did 
the  Chicago  biota.    It  is  perhaps  not  unwarranted  to  predict  that  a  fauna  of 
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naiades  and  other  river  mollusks,  besides  other  life,  will  be  discovered  when  this 
area  is  systematically  studied. 

Life  is  not  to  be  looked  for,  however,  in  any  abundance  or  variety,  on,  the 
wave-beaten  beaches,  where  few  animals  can  live,  and  where  the  shells  are  soon 
reduced  to  fragments  by  the  pounding  of  the  waves;  but  rather  in  the  sheltered 
spots,  in  bays,  behind  protecting  bars  and  wherever  fine  sand  or  silt  accumu- 
lates and  affords  a  preserving  medium  for  the  remains  of  life.  The  silts  de- 
posited in  the  outlet  east  and  south  of  Fort  Wayne  should  have  been  admirable 
mediums  for  such  preservation.  At  Sandusky  there  are  several  beaches  which 
developed  bars,  behind  which  a  safe  habitat  was  afforded.^ 

LAKE  WHITTLESEY 

During  the  Lake  Whittlesey  stage,  Defiance  Bay,  at  the  west  end  of  the 
lake,  probably  provided  a  suitable  habitat  for  the  biota,  after  the  Fort  Wayne 
outlet  was  abandoned.  The  vicinity  of  Grand  Haven,  Muskegon,  and  Grand 
Rapids,  as  well  as  the  area  covered  by  glacial  Lake  Saginaw,  including  the 
Grand  River  outlet,  should  be  carefully  studied  for  evidences  of  life. 

LAKE  WARREN 

The  waters  of  Lake  Warren  undoubtedly  laid  down  numerous  deposits  which 
entombed  the  life  of  this  stage.  MoUusks  have  already  been  found  at  Badaze 
and  in  other  localities,  and  further  search  will  doutkss  reveal  many  more.  A 
small  bay  formed  near  Caro  looks  very  promising,  as  does  also  another,  smaller, 
bay  near  Flint.  As  a  guide  to  the  beaches  and  sedimentary  strata  of  these 
lakes,  Leverett's  work  ''Glacial  Formations  and  Drainage  Features  of  the 
Erie  and  Ohio  Basins"  will  be  of  great  value,  the  areas  of  the  old  beaches  being 
clearly  mapped. 

Evidences  of  life  should  also  be  looked  for  in  the  old  glacial  rivers  serving  as 
outlets  for  Lake  Saginaw,  especially  the  Imlay  outlet  channel  connecting  Lake 
Saginaw  with  Lake  Chicago.  The  outlet  near  La  Peer,  because  of  its  width 
and  the  apparent  shallowness  of  the  water,  shoiild  contain  many  shallow-water 
forms  of  life.  The  glacial  river  bed,  between  the  second  and  the  third  moraines, 
should  contain  the  evidences  of  a  naiad  fauna.  These  outlets  are  well  illus- 
trated on  plate  vi,  of  Taylor's  paper  in  the  Geological  Survey  of  Michigan.* 
The  Ann  Arbor  Folio'  covers  much  of  the  same  region  and  accurately  maps 
the  old  beaches  and  bars.    In  Monroe  County  good  maps  are  shown;^  also 

>  Leverett,  Monograph,  XLI,  plate  22. 

*Rep.  State  Board  of  Geol.  Surv.,  Mich.,  1901,  pp.  111-117. 

» U.  S.  Gcol.  Surv.,  Atlas,  No.  155. 

*  Geol.  Surv.  Mich.,  VII,  Pt.  1,  1900,  plate  nil,  p.  140,  et  seq. 
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in  a  report  on  the  Geology  of  Arenac  County.*  Leverett  and  Taylor,**  in  the 
Pleistocene  of  Indiana  and  Michigan,  map  this  region  and  provide  a  wealth  of 
information.  Several  excellent  maps,  tho  old,  appear  in  volumes  I  and  II  of 
the  Geological  Survey  of  Ohio.  In  volume  II,  page  58,  lagoon  or  swamp  depo- 
sits are  indicated  behind  beaches  near  Cleveland.* 

LAKE  CHICAGO 

In  the  southern  part  of  the  Chicago  outlet  the  body  of  water  known  as  Lake 
Kankakee  should  be  thoroughly  searched  for  evidences  of  life  which  may  have 
migrated  up  the  lUinois-Rankakee  rivers.'  The  Green  Bay  region  is  also 
worthy  of  attention  and  studies  similar  to  those  carried  on  in  the  Chicago  region 
would  doubtless  be  productive  of  important  results. 

LAKE  DULUTH 

The  waters  of  this  portion  of  the  Lake  Superior  basin  were  probably  purely 
glacial  and  there  is  little  hope  of  finding  the  remains  of  life  in  the  sediments 
laid  down  by  this  body  of  water.  The  silts  of  the  St.  Croix  outlet,  however, 
should  be  carefully  examined. 

LAKE  IROQUOIS 

FossUs  have  been  foimd  in  this  beach  at  several  Canadian  localities,  but 
with  the  exception  of  the  Niagara  River  deposits,  no  records  have  been  seen 
from  localities  on  the  American  side  of  the  Lake.  Hall  has  recorded  Unios 
from  this  beach,  but  no  species  have  been  listed  (see  ante,  page  147).  The  re- 
mains of  life  doubtless  occur  but  have  not  yet  been  recorded.  Fairchild  has 
mapped  the  ancient  shore  of  Lake  Iroquois,  as  well  as  of  the  other  glacial  waters, 
and  his  report  on  "Glacial  Waters  in  Central  New  York"*  will  be  found  very 
helpful  to  anyone  studying  the  life  which  may  be  found  in  or  near  these  beaches. 
Leverett*  publishes  an  admirable  map  of  the  Pleistocene  feattu:es  of  northwes- 
tern New  York,  which  clearly  indicates  the  area  of  the  Iroquois  beach  and  lake. 
Coleman^^  (Iroquois  Beach  in  Ontario)  also  gives  an  excellent  map  showing 
the  position  of  this  beach  in  Ontario  and  New  York.  The  region  of  Sodus 
Bay,  as  weU  as  the  whole  of  western  Lake  Ontario  and  the  eastern  portion  of 

•  MidL  Geol.  and  Biol  Surv.,  No.  11,  1912. 
••  Mcmograph  LIH,  U.  S.  G.  S.,  1915. 

•  Vol.  n,  p.  61 .  See  also  Carney,  Bull  Sd.  Lab.  Dcnison  Univ.,  XIV,  pp.  262-287,  1909. 
for  shore  lines  of  Maumee,  Whittlesey  and  Warren  waters. 

^  See  Leverett,  Illinois  Glacial  Lobe.  ^ 

•  BnU.  N.  Y.  State  Mus.,  No.  127, 1909. 

•  Monograph  XLI,  plate  iii. 

«•  BuU.  Geol.  Soc.  Amer.,  XIV,  pp.  347-368, 1904. 
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Lake  Erie,  is  well  mapped  and  described  by  Fairchild  in  his  paper  ^'Glacial 
Waters  in  the  Lake  Erie  Basin.  "^^ 

The  Ridge  Road  north  of  Rochester,  and  particularly  the  old  Irondequoit 
Bay  silts,  should  produce  evidences  of  the  life  of  the  Lake  Iroquois  stage.  The 
region  has  been  mapped  and  described  by  Fairchild.^'  The  bed  of  glacial 
Lake  Tonawanda"  is  also  worthy  of  study.  The  old  glacial  outlets  near  Syra- 
cuse, especially  the  region  of  the  Montezuma  marsh,  should  contain  some  evi- 
dencesof  postglacial  life,  as  should  alsopartsof  the  old  Mohawk-Hudson  outlet. 

LAKE  ALGONQUIN  AND  THE  NIPISSING  GREAT  LAKES 

The  silts  of  the  Trent  outlet  as  well  as  those  of  the  Nipissing-Ottawa  (North 
Bay)  outlet  should  be  examined.  It  is  possible  that  certain  marine  organisms 
(as  MysiSf  Pantoporeia  etc.)  may  have  migrated  into  the  present  Great  Lake 
system  at  this  time,  from  the  Champlain  Sea.  The  postglacial  distribution 
of  a  number  of  animals,  notably  the  naiades,  might  be  far  better  understood 
if  a  naiad  fauna  could  be  foimd  in  these  outlets. 

INTERGLACIAL  DEPOSITS 

Interglacial  deposits  may  be  looked  for  in  many  places  south  of  the  Wiscon- 
sin drift  sheet.  North  of  this  till  reliance  can  only  be  placed  on  well  drillings 
or  deep  stream  cuttings. 

loVHl 

In  Iowa,  deposits  referable  to  the  Aftonian,  Yarmouth,  Sangamon  and 
Peorian  intervals  are  known.  The  reports  of  the  Iowa  Geological  Survey 
serve  as  admirable  guides  for  the  stratigraphical  location  of  these  deposits. 
In  not  a  few  places  several  of  these  horizons  are  superimposed  and  reasonable 
care  will  place  the  biotic  remains  found  in  strata  of  undoubted  age.  Many 
rivers,  which  cut  thru  the  upper  drift,  expose  the  earlier  tills  and  interglacial 
deposits  in  their  banks. 

lUinais 

In  Illinois  the  Yarmouth,  Sangamon,  and  Peorian  intervals  occur,  with 
possibly  the  Aftonian.  Along  the  Fox  and  Illinois  riyers  many  excellent  sec- 
tions may  be  found,  penetrating  all  the  Pleistocene  deposits  and  entering  the 
underlying  bed  rock  strata.  In  these  valleys  thelUinoian  and  Wisconsin  drift 
sheets  are  separated  by  the  Sangamon  soil,  which  affords  excellent  material  for 
the  study  of  some  pha^  of  the  life  of  this  interval.    Along  the  Mississippi 

u  Bull.  N.  Y.  SUte,  Mus.,  No.  106. 

'*  The  Geology  of  Irondequoit  Bay,  Proc.  Roch.  Acad.  Sci.,  Ill,  pp.  236-239,  1906;  see 
also  Bull.  N.  Y.  State  Mus.,  No.  114, 1907. 

M  Niagara  Folio,  U.  S.  Geol.  Surv.,  No.  190. 
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River,  in  the  region  of  the  overlap  of  the  Kansan  and  Illinoian  drift  sheets, 
both  the  Yarmouth  and  the  Sangamon  intervals  may  be  studied.  Much  work 
remains  to  be  done  in  northwestern  lUinois,  where  many  deposists  occur  con- 
taining the  remains  of  this  ancient  life.  Leverett's  maps  in  his  ''Illinoian 
Glacial  Lobe  "  will  be  found  of  great  assistance  in  this  connection. 

Indiana  and  Ohio 

In  many  parts  of  these  states,  the  old  forest  bed,  which  is  believed  to  be  of 
Sangamon  age,  is  conspicuously  present  and  may  be  studied  with  great  advan- 
tage. Along  the  Ohio  and  its  tributaries,  many  good  sections  occur  showing 
the  relation  of  this  forest  bed  to  the  overlying  and  underlying  strata.  In  the 
northern  portion  of  Ohio,  especially  along  the  shore  of  Lake  Erie,  it  is  believed 
that  intei^lacial  deposits  occiu*,  and  sections  should  be  studied  and  published 
confirming  this  statement.  For  this  work,  Leverett's  report  on  this  region 
will  be  found  indispensable.^^ 

South  Dakota,  Minnesota  and  Wisconsin 

These  states,  being  covered  for  the  most  part  by  Wisconsin  drift,  afford 
splendid  opportunities  for  the  study  of  glacial  phenomena.  Old  soils  as  well 
as  old  lake  and  swamp  deposits  should  occur  beneath  this  till.  Winchell's 
Final  Reports^  contain  many  good  maps  of  this  region.  The  Driftless  area  in 
these  states  should  also  be  carefully  studied,  to  ascertain  if  possible  the  age  of 
the  fauna  contained  in  the  limestone  crevices  and  beneath  the  loess  de- 
posits bordering  the  Mississippi  River. 

RELIABIIITY  OF  DATA 

Too  strong  an  emphasis  cannot  be  placed  on  the  admonition  to  use  the 
greatest  amount  of  care  in  studying  and  reporting  data  of  this  character. 
Accuracy  of  detail  is  absolutely  essential.  In  making  sections,  every  variation 
no  matter  how  small,  should  be  noted  on  a  chart,  and  any  material  obtained 
should  be  correspondingly  labeled  and  carefully  preserved  for  future  reference. 
The  character  of  overlying  and  underlying  till,  if  these  are  thot  to  be  present, 
should  be  established  with  reasonable  certainty. 

It  is  eminently  desirable  that  all  material  collected  and  upon  which  deter- 
minations have  been  made,  should  be  deposited  in  some  well-known  and  acces- 
sible museum,  that  it  may  be  available  for  s^udy  by  subsequent  workers.  By 
this  precaution  previous  errors  of  identification  may  be  corrected.  Many  times 
changes  of  nomenclature  cause  confusion  in  interpreting  older  records;  also 
composite  species,  later  broken  up  into  several  species,  perplex  the  subsequent 
investigator.  In  short,  the  greatest  effort  should  be  made  to  ftiake  the  story 
of  Pleistocene  life  as  true  and  complete  as  possible. 

"  Monograph,  No.  XLI,  U.  S.  Geol.  Surv. 

"  Minnesota  Geological  and  Natural  History  Survey. 
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DESCRIPTION  OF  PLATES 

Plate  L  Section  of  WOmette  Bay,  showing  variation  in  scdimentaiy  strata.  The  char- 
acter and  thickncaa  of  each  depoat  is  indicated,  as  is  also  the  altitude,  llie  level  of  the  differ- 
ent water  bodies  is  also  indicated.  Only  a  few  of  the  most  characteristic  of  the  63  stations 
are  shown.    The  measurements  oJF  the  strata  are  in  inches.     Folder  at  end  of  volume. 

Plate  II.    Plan  of  North  Shore  Channel,  showing  location  of  stations. 

Plate  m.  Longitudinal  section  of  North  Shore  Channel,  from  Foster  Avenue  to  Lin- 
coln Avenue,  showing  relation  of  the  ground  moraine  to  the  sedimentary  strata  and  itiHi^tiwg 
location  of  section  stations. 

Plate  IV.  Cross  sections  of  Toleston  beach  on  the  Northwestern  University  Campus, 
Evanston. 

Plate  V.  Station  1.  The  Unio  bed  may  be  plainly  seen  in  the  photograph.  Photo- 
graph by  Woodruff. 

Plate  VI.  Station  2.  The  division  between  the  surface  soil  and  the  peaty  soil  (strata 
viii-z)  is  indicated  by  the  rule  laid  horisootally.  The  Unio  bed  is  marked  by  the  paper  (III). 
Fhotogrq>h  by  Woodruff. 

Plate  Vn.  Station  9.  The  log  near  the  white  cardboard  is  in  sand  and  silt  (strata  iii-vii). 
The  Unio  bed  above  is  in  stratum  viii.  Shells  were  notably  abundant  near  this  old  log. 
Photograph  by  Woodruff. 

Plate  VIII.  Station  15.  The  Unio  bed  is  just  beneath  the  large  boulder  to  the  left 
The  latter  may  have  been  brought  to  this  locality  in  a  piece  of  ice  in  the  spring,  and  dropped 
on  the  Unio  bed.  The  deposit  beneath  the  15  inches  of  gravel  and  sand,  upon  which  the 
Unio  bed  rests,  is  boulder  clay.    Photograph  by  Woodruff. 

Plate  DC.  Station  16.  Stratum  viii,  showing  solid  bed  of  shells  forming  a  mari  deposit 
Photograph  by  Woodruff. 

Plate  X.  Station  17.  The  deposits  are  lettered  from  A  to  M  as  indicated  in  the  table 
on  page  33.    Photogn4)h  by  Woodruff. 

Plate  XI.  Station  19.  The  height  of  the  bank  is  10  feet  8  inches.  Photogr^>h  by 
Woodruff. 

Plate  XII.  Station  21.  A  heavy  bed  of  Unios  is  shown  at  C.  Large  pieces  of  wood 
were  found  at  D.    Photograph  by  Woodruff. 

Plate  XIII.  Station  27.  The  wood  in  stratum  ii  (C)  may  be  plainly  seen  beneath  the 
gravel,  sand,  and  Unio  bed,  stratum  iii  (B).    Photograph  by  Woodruff. 

Plate  XIV.  Sution  28.  The  relation  of  the  pond  deposit  (C)  with  iU  moUusks,  to  the 
lake  dqxisit  (B),  with  its  Unio  bed,  is  plainly  indicated.    Photograph  by  Woodruff. 

Plate  XV.  Station  29.  The  relation  of  the  sedimentary  strata,  indicated  in  the  table, 
is  here  well  shown.    Photograph  by  Woodruff. 

Plate  XVI.  Stations  29-31.  General  view  of  the  canal  looking  south  from  station  32 
(see  plate  III,  32).  The  vertical  embankment,  to  the  left  in  the  photograph,  extended  down 
the  center  of  the  canal  its  entire  length;  the  majority  of  the  sections  were  in  this  embankment, 
which  was  later  removed  by  the  dredges.    Photograph  by  Woodruff. 

Plate  XVn.  Station  33.  West  bank  of  canal.  The  hammer  indicates  position  of 
stratum  carrying  wood  and  Anodcnia,  Spruce  cones  occur  in  the  stratum  below  K.  Fhoto- 
gn^h  by  Baker. 
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Plate  XVIII.    Station  37.  East  bank  of  canal.  Height  of  bank  15  feet.    Photograf^ 

by  Baker. 

Plate  XDC.    Stations  33-37.  Partly  completed  excavation  looking  north  toward  Devon 

Avenue  bridge,  showing  one  method  of  excavation.    Photograph  by  Baker. 

Plate  XX.  Station  43.  The  stratum  of  sand  and  gravel,  separating  the  fossUiferous 
silt  from  the  clay,  is  indicated  by  the  arrow.    Photograph  by  Baker. 

Plate  XXI.  Station  44.  The  trowel,  near  top  of  picture,  indicates  a  deposit  of  mol- 
lusks'  the  rule  near  the  middle  of  photograph,  indicates  the  position  of  the  sandy  clay  (stratum 
iii).    Photograph  by  Baker. 

Plate  XXII.  Station  45.  The  trowel  indicates  the  position  of  the  sand  and  gravel  stratum 
(iv).  To  the  left,  above  the  line,  may  be  seen  freshwater  moUusks  belonging  to  the  genera 
Galba  and  Planarbis.    Photograph  by  Baker. 

Plate  XXIII.  SUtion  48.  Canal  looking  north  toward  Church  Street  bridge.  Photo- 
graph by  Baker. 

Plate  XXIV.    Station  49.  There  is  here  no  sharp  contact  between  the  loamy-silt  and 

the  boulder  clay.    Photograph  by  Baker. 

Plate  XXV.    Map  of  the  Calumet-Sag  Channel.    A  cross  marks  the  location  of  the 

section  described  in  the  text. 

Plate  XXVI.  Section  of  Calumet-Sag  Channel.  The  numerals  at  the  right  indicate 
the  relative  position  of  the  various  strata.  The  height  of  the  section  is  over  28  feet.  Photo- 
graph by  Woodruff. 

Plate  XXVII.  Portion  of  section  in  plate  XXVI,  shown  in  greater  detail.  U,  boubler 
day;  III,  boulder  pavement  and  Unio  bed;  IV,  sand  and  gravel;  note  the  boukleis  and  the 
cross  bedding  in  one  place;  V,  fine  gray  sand;  VI,  clay,  sandy  in  lower  part.  The  shaip 
demarcation  between  the  day  above  and  the  gravel  below  is  to  be  especially  noted  in  stratum 
V.    Photograph  by  Woodruff. 

Plate  XXVIII.  Diagram  illustrating  the  interpretation  of  the  deposits  in  section  of  the 
Calumet-Sag  Channd  at  92nd  Avenue. 

Plate  XXIX.  Section  of  Rose  HBl  bar  (part  of  the  Calumet  Beach)  at  Bowmanville, 
at  the  end  of  the  bar  as  it  turns  west.    Fidd  in  foreground  was  bed  of  Wilmette  Bay. 

Photograph  by  Woodruff. 

Plate  XXX.  Diagram  illustrating  the  interpretation  of  the  deposits  in  the  North  Shore 
Channd,  between  Foster  Avenue  and  Lina^  Avenue. 

Plate  XXXI.  Map  of  the  Great  Lakes  region  showing  early  stages  of  glacial  lakes  and 
thdr  outlets  into  the  Mississippi  Ri\er.  The  different  outlets  were  not  all  contemporaneous 
in  time.  Lake  Jean  Nicolet  is  hypothetical.  The  map  indicates  in  a  striking  manner  the 
fact  that  the  repopulation  of  the  territory  by  aquatic  life  was  by  way  of  the  Mississippi  River 
and  its  large  tributaries  (compiled  from  Leverett  and  Upham;  cut  from  Baker,  Mon.  Lymn.» 

fig.  3). 

Plate  XXXII.    The  Glenwood  stage  of  Lake  Chicago  (after  Akiea). 

Plate  XXXIII.    The  Bowmanville  low  water  stage. 

Plate  XXXIV.  Wilmette  Bay  during  the  Bowmanville  low  water  stage.  The  numeimlt 
on  land  (593,600,  etc.)  indicate  altitudes  above  sea  level;  figures  in  the  bay  (5,  M),  etc.) 
indicate  probable  depths  of  water.  The  names  and  locations  of  the  streets  of  the  City  of 
Chicago  in  the  area  studied  are  given. 

Plate  XXXV.    The  Calumet  stage  of  Lake  Cl^icago  (after  Alden). 

Plate  XXXVI.  Wilmette  Bay  during  the  Calumet  stage.  Numerals  as  in  fliate 
XXXIV. 

Plate  XXXVII.  The  Toleston  stage  of  Lake  Chicago.  The  Hammond  stage  did  ftot 
differ  materially  (after  Alden). 
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Plate  XXXVIII.  Wilmette  Bay  during  the  Toleston  stage.  Hammond  stage  the  same. 
Numerals  as  in  plate  XXXIV. 

Plate  XXXIX.  Ecological  map  of  Braddock's  Bay,  Lake  Ontario,  near  Rochester,  N.  Y. 
50,  36,  60,  depths  of  water  in  inches. 

D  buildings 
-.-.-  swamps;  water  6-18  inches  deep;  plants  consisting 

of  Typha,  Pontederia,  Sagittaria,  Sparganium,  Decodon,  et& 
!!!  Sdipus 

.  • .  Castalia  and  Nymphaea 
♦••  trees 

Plate  XL.  Hook  at  end  of  sandy  peninsula,  east  end  oi  Braddock  s  Bay.  Photograph 
by  Baker. 

Plate  XLI.    Hook  at  west  end  of  Braddock's  Bay.    Photograph  by  Baker. 

Plate  XLII.  Portion  of  Braddock's  Bay,  marsh-bordered,  in  which  the  water  is  from 
5  to  9  feet  deep.    Photograph  by  Baker. 

Plate  XLIII.    Typha  marsh,  Braddock's  Bay.    Photograph  by  Baker. 

Plate  XUV.    The  Englewood  stage  of  Lake  Chicago  (after  Alden). 

Plate  XLV.    Wihnette  Bay  during  the  Englewood  Stage. 

Plate  XLVI.  Map  showing  greatest  extent  of  the  Wisconsin  ice  sheet,  also  previous 
ice  sheets.    Compiled  fnnn  Leverett,  Taylor,  and  Chamberlin. 

Plate  XLVII.  Figure  1.  Map  showing  one  of  the  first  courses  of  drainage  from  Lake 
Michigan  basin  (Leverett  and  Taylor,  Ann  Arbor  Folio,  fig.  6).  Figure  2.  Map  showing 
formation  of  Lake  Chicago  with  its  southerly  outlet.  The  shaded  area  represents  the  glacial 
lake  (Leverett  and  Taylor,  Ann  Arbor  Folio,  Fig.  7). 

Plate  XLVIII.  Glacial  Lakes  Maumee  and  Chicago,  showing  southwestern  outlets 
as  well  as  drainage  from  the  Green  Bay  basin  (Leverett  and  Taylor,  Smith.  Report,  1912, 
fig.  2). 

Plate  XLIX.  Glacial  Lakes  Chicago,  Saginaw,  and  Whittlesey,  showing  drainage  from 
Chicago,  Green  Bay,  and  Superior  basins  (Leverett  and  Taylor,  Smith.  Rep.,  1912,  fig.  3). 

Plate  L.  Glacial  Lakes  Chicago  and  Warren,  showing  outlet  thru  Grand  River  to  Lake 
Chicago  (Leverett  and  Taylor,  Smith.  Rep.,  1912,  fig.  4). 

Plate  LI.  Glacial  Lakes  Duluth,  Chicago,  and  Lundy,  showing  outlets  thru  St.  Croix, 
Chicago,  and  Syracuse  channels  (Leverett  and  Taylor,  Smith.  Rep.,  1912,  fig.  5). 

Plate  LII.  Lake  Algonquin,  with  Lakes  Erie,  Iroquois,  and  the  Champlain  Sea.  Out- 
lets at  Chicago,  Kirkfield  (^fohawk-Hudson),  and  North  Bay  (Leverett  and  Taylor,  Smith. 
Rep.,  1912,  fig.  6). 

Plate  LIII.  Nipissing  Great  Lakes  with  Lakes  Erie  and  Ontario,  outlets  at  North  Bay 
and  Port  Huron  (Leverett  and  Taylor,  Smith.  Rep.,  1912,  fig.  8). 

Plate  LIV.    Preglacial  rivers  of  the  lake  basins  (Spencer,  Falls  of  Niagara,  plate  XL). 

Plate  LV.  Preglacial  drainage  in  the  lake  basins  (during  Tertiary  time)  as  worked  out 
by  Professor  Grabau.  The  direction  of  flow  is  southwestward  (Geol.  and  Paleon.  Niagara 
Falls,  fig.  6,  p.  45). 

Plate  LVI.  Map  of  North  America  showing  maximum  development  of  the  ice  sheet 
and  indicating  (1,  2,  3,  4,  5)  probable  areas  in  which  the  life  of  the  engladated  territory  was 
preserved  during  the  intervals  of  the  Ice  Age,  when  the  areas  shaded  were  covered  with  ice 
(Willis,  Joum.  Geol,  XVII,  p.  60). 

Plate  LVII.  Figure  1.  Portion  of  Vilas  and  Oneida  counties,  Wisconsin,  showing  topo- 
graphic conditions  in  a  typical  glaciated  country  (from  map  published  by  Chicago  and 
Northwestern  Railroad  Company).  Figure  2.  Portion  of  Driftless  Area  in  Wisconsin, 
showing  regular  erosion  in  a  typical  unglaciated  country  (from  ms^>  published  by  the  Geologi- 
cal Survey  of  Wisconsin). 
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Blue  Island,  Chicago,  69. 

Borden,  272,  276,  309. 

Bo5therium  bombifrons,  315,  341,  396. 

Bootherium  sargenti,  142,  191,  371,  396. 

Bos  primigenius,  300. 

Bowmanville,  Chicago,  22,  70,  78,  80,  106, 

108. 
Bowmanville  stage,  3,  11,  15,  18,  19,  59,  69, 

70-78,  104, 105,  108,  118,  119. 
Btaddocks  Bay,  N.  Y.,  81,  87. 
Bradley,  126, 127,  128,  131,  272,  276. 
Brasenia  peltata,  178,  185. 
Brasenia  purpurea,  332,  336,  380. 
Brasenia  schreberi,  185,  380. 
Brevoort,  151. 
Brigham,  322. 
Bnggs,  316. 

Broadhead,  233,  272,  301. 
Bromus  cilia  tus,  178. 
Bucdnum  undatum,  14,  176. 
Buchanan  gravels,  270. 
Bulinus  dealbatus,  297. 
Bulla  rivalis,  147. 
Buried  vaUeys,  Chicago,  106. 
Buried  river  valleys,  197-201. 
Butts,  246. 

Byrrhus  ottawaensis,  179,  190,  390. 
B3rthinel]a  obtusa,  124. 
Bythinella  tenuipes,  295,  338,  385. 
Bythinia  tenUculata,  81, 98. 

CaU,  261. 

Callieigon  richardsoni,  228,  241,  377. 

Calumet  stage,  3,  4,  8,  9,  12-14,  16-18,  20, 
59,  69-71,  73,  74,  76-78,  82,  85,  90,  91, 
104,  105, 108,  118,  120,  123,  134. 

Calumet-Sag  channel,  56,  57,  60,  65,  67,  84, 
88,92. 

Calvin,  121,  225, 229,  231, 233,  235,  237, 251, 

<ysrif  tJ^rO,  w/O. 

Cambarus  blandingi,  92. 

Cambarus  blandingi  acutus,  46, 92, 100, 103, 

190,  390. 
Camelops  kansanus,  209,  210,  213,  226,  229, 

234,  243,  395. 
Camelops  vitakerianus,  209,  213,  395. 
Camclus,  226,  243,  395. 
Camelus  americanus,  209,  213,  395. 
Campeloma,  73,  122,  126,  135,  166,  334. 
Campeloma  coarctatum,  124. 
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6impeloma  deciaum,  81»  98,  120,  137,  138, 

148,  149,  159,  161,  172,  188,  295,  324, 

329,  350,  358,  385. 
Caii4)doiiia  integrum,  2,  3,  24,  27,  29,  30, 

33.35,  37,  38,  40,  56-58,  72,  81,  82,  85, 

87,  89,  91,  98,  102,  125,  134,  135,  138, 

188,385. 
Campdoma  integrum  obesum,  39,  57,  58, 

72,  85,  89,  98,  102,  134,  188,  385. 
Campeloma  ponderosum,  273,  274,  281,  385. 
Campdoma  nifum,  98. 
Campdoma  subsolidum,  24,  30,  34,  82,  87, 

98, 102, 124, 125, 134, 188,  268,  281,  288, 

385. 
Campdoma  subsolidum  ezilis,  98,  188,  385. 
Camptothedum  nitens,  228,  241,  377. 
Canis,  210,  374. 

Canis  dnereoargentatus,  208,  215,  354. 
Canis  dims,  274,  283,  354,  398. 
Canis  indianensis,  274,  354,  360,  398. 
Canis  latidenUtus,  208,  215,  398. 
Canis  latians,  131,  191,  209,  215,  354,  360, 

398. 
Canis  lupus,  210,  215. 
Canis  ocddentalis,  215,  354,  360,  398. 
Canis  priscolatnns,  208,  215,  398. 
Canis  riviveionis,  374. 
Capps,  279. 

Capromeryz  furdfer,  209,  213,  395. 
Carabus  maeander  aangamon,  291,  339,  390. 
Cardium  groenlandicum,  14 
Cardium  muricatum,  15. 
Carex,  26,  27,  71,  87,  91,  101,  185,  379. 
Carez  aequatilis,  332,  336,  379. 
Carez  magdlanica,  178, 185. 
Carez  paupercula  inigua,  185,  379. 
Carez  reticulaU,  332,  336,  379. 
Caribou,  104.       ' 
Carfl,  R.,  199. 
Carman,  236. 
Carney,  312,  322. 

Carya  alba,  207,  211,  302,  329,  336,  379. 
Carya  amara,  170. 
Carya  cordiformis,  170, 185,  379. 
Carya  glabra,  185, 211,  379. 
Carya  pordna,  207,  211. 
Carydilum  eziguum,  15,  139,  144,  189,  226, 

242,  254,  269,  281,  296,  338,  355,  358, 

388. 
Carychium  ezile,  134, 138, 144, 189, 226, 242, 

254,  260,  281,  296,  339,  388. 


Case,  141,  142. 

Castalia  odorata,  81. 

Castor  canadensis,  158,  191,  208,  214,  226, 

243,  267,  396. 
Castor  fiber,  158,  267. 
Castoioides,  130,  131,  139,  209,  235,  237, 

263,  277,  299,  305. 
Castoroides  kansensis,  235,  243,  397. 
Castoroides  ohioensis,  128,  131,  133,  141, 

142,  146,  153,  166,  191,  209,  214,  226, 

232,  243,  274,  276,  283,  300,  315,  341, 

371,  397. 
Central  Avenue,  Evanston,  51,  80,  81. 
Ceratophyllum  demersum,  332,  336,  380. 
Cerds  canadensis,  329,  336,  381. 
Centrinus  disjunctus,  332,  341,  393. 
Cerithiopds,  14. 
Cerithium,  14. 
Cervalces,  195,  333. 
Cervalces  americanus,  169. 
Cervalces  borealis,  163,  191,  341,  371,  395. 
Cervalces  roosvdti,  259,  283,  395. 
Cervalces  scotti,  169, 191, 315,  341, 371, 395. 
Cervus  ransdensis,  121,  131,  132,  153,  158, 

300,  315,  341,  354,  359,  395. 
Cervus  sone,  372. 
Chabners,  177,  180, 182,  333. 
Chara,  26,  66,  81,  87,  88,  101,  106, 184,  329, 

335,  377. 
Chamaecyparis  thyoides,  329,  336,  378. 
Champaign  moraine,  127. 
Chamberlain,  R.  T.,  374. 
Chamberiin,  T.  C,  9,  75,  103,  111,  117, 194, 

199,  206,  216,  217,  219,  220-224, 228, 238. 

285,  344,  352,  353,  365,  373. 
Champlain  basin,  116. 
Champlain  substage,  93,  116,  155,  156,  178, 

180,181,210,219,372,402. 
Chapman,  158, 163. 
Chenopodium,  332,  380. 
Chicago  basin,  86. 
Chicago  drainage  canal,  61. 
Chicago  Heights,  61,  86. 
Chicago  Lawn,  12, 15,  79. 
Chicago  sanitary  commission,  22. 
Chlaenius  plicatipennis,  291,  340,  390. 
Chlaenius  punctatissimus,  208,  212,  390. 
Chlaenius  punctulatus,  208,  212,  390. 
Chlamys  irradians,  14. 
Chlamys  islandicus,  14. 
Chlamytherium  septentrionalis,  373. 
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Choeridium  d)eiunum,  208,  212,  390. 
C3iurch  Street,  Evanston,  44,  48, 49. 
Cirdnam  concava,  143,  144,  189,  266,  267, 
297, 303, 307, 308, 314, 339, 359, 362, 389. 
Clapp,  177, 303,  306,  308,  326,  327. 
Claik  Street,  Chicago,  66,  80. 
Clarke,  151, 153. 
Claypole,  142. 

Oanmys  iiuculpta,  208,  213,  394. 
Clemmys  percrassus,  208,  213,  394. 
aethra  alnifolia,  329,  336,  382. 
Cleveland,  199. 
CochUcopa  lubrica,  252-257,  281,  288,  303, 

iJ^fy,  ^4o,  ^do,  ooo . 

Coelambus  cribrarius  331,  340,  392. 
Coelambua  derelictus,  331,  340,  392. 
Coelambus  disjectus,  331,  340,  392. 
Coelambtts  infemalis,  331,  340,  392. 
CoUett,  127,  131,  273,  274,  276,  308, 309. 
Coleoptera  wings,  59, 95,  243,  248. 
Cbleman,  157-160,  161,  164,  178,  240,  327, 

328,  330,  332,  357,  401. 
Conrad  fissure  fauna,  210,  368. 
Cook  Co.,  m.,  18,  107. 
Cooper,  135, 137,  314,  321. 
Cope,  131,  203,  207,  311,  371,  372. 
Corel],  W.  F.,  300. 

C6rinth,  N.  Y.,  198. 

Corylus  americana,  207,  211,  379. 

Corymbites  aethiops,  170, 190,  393. 

Cox,  306-310. 

Cragin,  106. 

Crataegus,  207,  211,  380. 

Crataegus  cru^Falli,  207,  211,  380. 

Crataegus  punctata,  329,  336,  380. 

Crajrfish,  66. 

Crenodonta  peruviana,  26, 30,  32,  34,  35,  37, 

39, 82, 87, 96, 101, 186, 193, 382. 
Crenodonta  perplicata,  273, 280, 382. 
Crenodonta  plicata,  125. 
Crenodonta  undulata,  23,  26,  29,  34,  37,  39, 

58,  60,  82,  85, 96, 101, 186, 193,  250,  280, 

329.  337,  382. 
Cretaceous  shells,  203. 
Cristivomer  namycush,  282,  393. 
Cryptobium  cinctum,  331,  340,  392. 
Cryptobium  detectum,  331,  340,  392. 
Cumbeiland,  Md.  210. 
Cuyahoga  valley,  199. 

Cydas,  153,  158. 

Cychrus  minor,  208,  212,  391. 


Cydmis  wheatleyi,  208,  212,  391. 
CymbiodyU  eotincta,  331,  340,  392. 
Cymindis  aurora,  206,  212,  391. 
Cymindis  extorpescens,  170, 190,  391. 
Cynomys  ludovidanus,  209,  214,  396. 
Cyprinoid,  27,  88, 100, 103. 
Cypris,  162,  190,  296,  330,  339,  390. 

Dachnowski,  311. 

Dakota  ice  lobe,  117,  164. 

Dall,  149. 

Dalton,  80, 106. 

Dama  laevicomis,  208. 

Dana,  171. 

Danieb,  £.,  354. 

Daniels,  L.  £.,  307,  308. 

Dasypus,  373. 

Davis,  C.  A.,  17,  72, 171,  322. 

Dawson,  G.  M.,  279. 

Dawson,  J.  W.,  176-179, 181,  182. 

Decodon  vertidllatus,  81. 

Deer,  4, 152. 

Definance  Bay,  400. 

Dempster  Street,  Evanston,  47,  48. 

Des  Moines,  Iowa,  201. 

Desplaines  Bay,  69. 

Desplaines  Valley,  77. 

Devon  Avenue,  Chicago,  22,  41,  43,  44,  65, 

66, 70-72, 80-82, 87, 91, 103. 
Dicaelus  alutaceus,  208,  212,  391. 
Dichelyma  capillaceum,  334,  335,  377. 
Dicotyles  costatus,  233. 
Didelphis  virginiana,  373. 
Dilg,  C,  60. 

Dinocyon,  209,  215,  398. 
Diptera,  133, 190,  393. 
Dodge,  177. 

Donada  elongatula,  170,  190,  340,  393. 
Donada  pompatica,  331,  340,  393. 
Donacia  proxima,  59,  95,  100,  190,][393. 
Donada  stiria,  331,  340,  393. 
Donada  styrioides,  291,  393. 
Dover  Street,  Chicago,  62. 
Dowagiac  Creek,  134,  139,  140, 141. 
Drake,  305. 

Drepanodadus  aduncus,  248,  280,  377. 
Drepanodadus  fluitans,  178,  184,  228,  241, 

377. 
Drepanodadus  intermedins,  332,  335,  377. 
Drepanodadus  revolvens,  228,  241,  332,  377. 
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Driftless  Area. 

Clajrton  Co.,  Iowa,  352. 

Dubuque,  Iowa,  353,  354. 

GaJtena,  III,  251-353. 

Grant  Co.,  Wis.,  352-354. 

JoDaviess  Co.,  HI.,  352,  354. 

Prarie  du  Chien,  Wis.,  352. 

Richland  Co.,  Wis.,  353,  354. 

Savanna,  HL,  352. 
Drosera  rotundifolia,  178, 1S5,  3S0. 
Dryer,  131. 
Dyer,  Ind.,  69. 

Eaton,  147. 

Echinocystis  lobata,  302,  336,  382. 

Edwards,  311. 

Effect  of  ice,  194. 

Eggs  of  snail,  189,  252. 

Elephant,  128, 155,  175,  176,  299. 

Elephas,  131,  167,  175,  250,  258,  276,  333. 

Elephas  amcricanus,  191, 274. 

Elephas  columbi,  61,  86,  100,  132,  142,  146, 

153, 158, 163, 174, 176, 191, 209, 214, 226, 

229, 234, 243, 283, 310, 316, 341, 371, 374, 

396. 
Elephas  imperator,  210,  214,  226^  232,  243, 

396. 
Elephas  jacksoni,  142, 158, 191, 316. 
Elephas  primigenius,  86,  100,  121,  130,  132, 

142, 154, 166, 173, 174, 191, 210, 214, 226, 

243, 254, 258, 267, 275, 283, 288, 300, 310, 

311, 315, 317, 341, 349, 351, 359, 371, 396. 
Elephrus  irregularis,  331,  339,  391. 
Elk,  152. 
Elgin,  m.,  107. 
Elliptio  complanatus,  81,  157,  159-162,  186, 

193,  383. 
EUiptio  crassidens,  23,  26,  30,  32,  34,  37,  SS, 

40,  57,  82,  83,  85,  96,  101,  108,  118,  125, 

186,  193,  383. 
EUiptio  gibbosus,  23,  26,  30,  32,  34,  37,  54, 

55,  57,  58,  82,  85,  87,  92,  93,  96, 101, 125, 

135,  137,  149,  158,  160,  186,  193,  330, 

337,  383. 
Elliptio  gibbosus  delicatus,  96. 
EUs,  13,  14,  161,  177. 
Elodea  canadensis,  178, 184,  278,  280,  378. 
Elrod,  276. 
Emerson,  169,  326. 
Englewood  barrier,  96. 


Englewood  stage,  11,  60,  80,  90,  93,  94,  96, 

105,  109. 
Epiphragmophora,  297. 
Equisetum,  332,  335,  377. 
Equisetum  fluviatile,  184,  377. 
Equisetum  limosum,  178, 184. 
Equisetum  sdrpoides,  178, 184,  377. 
Equisetum  sylvaticum,  178,  184,  377. 
Equus,  202,  203,  232,  236,  315. 
Equus  americanus,  315. 
Equus  complicatus,  154,  205,  209,  210,  213, 

226,  229,  234,  243,  274,  282,  301,  315, 

341,  394. 
Equus  curvidens,  210. 
Equus  excelsus,  210,  213,  227,  243,  395. 
Equus  fratemus,  206, 209, 213, 313, 315, 341, 

394. 
Equus  laurentius,  226,  229,  237,  243,  395. 
Equus  littoralis,  374. 
Equus  major,  154,  210,  213,  229. 
Equus  niobrarensis,  226,  232,  234,  237,  243, 

395. 
Equus  occidentalis,  210,  213,  395. 
Equus  pectinatus,  208,  213,  395. 
Equus  scotti,  209,  213,  237,  395. 
Equus  fauna,  371. 
Equus-Mylodon  zone,  372. 
Erethizon  dorsatus,  208,  214,  397. 
Erie  clay,  333. 
Erie  basin,«74,  86, 112  114 
Erie  Canal,  147. 
Erie  ice  lobe,  68, 112. 
Erigan  River,  198. 
Eriocaulon,  329,  336,  379. 
Erycus  consumptus,  332,  341,  393. 
Euconulus,  270. 

Euconulus  chersinus,  144, 189,  389. 
Euconulus  chersinus  polygyratus,  139,  189, 

389. 
Euconulus  fulvus,  139,  144,  162,  172,  189, 

227, 242, 252-257, 282, 288, 306, 307, 339, 

348,  353,  359,  389. 
Euconulus  sterkii,  144,  189,  389. 
Euphorbia  polygonifolia,  14. 
Eurynia  eUipsiformis,  23,  82,  97,  101,  135, 

149, 186, 193,  383. 
Eurynia  iris,  97, 135, 186, 193, 383. 
Eurynia  parva,  97. 
Eurynia  recta,  54,  55,  58,  82,  85,  93,  97, 101, 

149,  150,  160,  164,  181,  186,  193,  288, 

330,  336,  383. 
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Evans,  128. 

Evanston,  01.,  2,  3,  6,  8-10,  16,  18,  19,  22, 
62,  65,  78,  80,  84-^,  90. 

Fagus  femiginea,  170,  211,  302.  -^ 

Fagus  grandifdia,  170,  185,  207^  211,  336, 

379. 
Fairchild,  114,  199,  326,  401,  402. 
Fells  calcaratus,  208,  215,  398. 
Felis  eyra,  206,  215,  398. 
Feiis  inexpecUtus,  206,  215,  398. 
Festuca  ovina,  329,  336,  378. 
Fiber  zibethicus,  56,  89,  209,  214,  396. 
Ficus,  240,  279. 
Filmer,  324. 
Finger  Lakes,  113,  114. 
Fish,  265. 

Fish  bones,  25, 95, 158, 205, 212, 394. 
Fjords,  submerged,  198. 
Florencia  formation,  294,  295. 
Fond  du  Lac,  Wis.,  75. 
Fontinalis,  332,  335,  377. 
Fornax  ledensis,  179,  190,  393. 
Forshay,  199. 

Fort  Wayne,  Ind.,  112,  142. 
Foster  Avenue,  Chicago,  22-41,  71,  72,  80, 

88,  94, 103. 
Foster,  299,  314.  315. 
Fossil  wood,  2,  155,  158. 
Fox  River,  75. 

Fraxinus  americanus,  329,  336,  382. 
Fraxinus  nigra,  329,  $36,  382. 
Fraxinus  quadrangulata,  329,  336,  382. 
Fraxinus  sambuciformis,  329. 
Frederick  Street,  Chicago,  60. 
Fulgur  perversus,  4. 
Fuller,  207,  303,  306,  308. 
Fullerton  Avenue,  Chicago,  66. 
Fusconaja  chunii,  273,  280,  382. 
Fusconaja  ebena,  288,  337,  382. 
Fusconaja  nibiginosa,  54,  85,  96,  250,  280, 

382. 
Fusconaja  soUda,  85, 148, 149, 160, 186, 193, 

329,  330,  337,  382. 
Fusconaja  trigona,  125. 
Fusconaja  undaU,  23,  29,  32,  34,  37,  55,  58, 

60,  82,  85,  88,  93, 101, 125,  186,  193,  329, 

Fusus  tomatus,  176. 

Galba  antieoatiana,  182,  188,  387. 


Galba  bakcri,  141,  188,  387. 

Galba  caperata,  12, 46, 47, 64, 90, 94, 99, 103, 

124, 128, 138, 144, 160, 172, 180, 188, 225, 

227,  236, 237, 242, 252-257,  281, 287,  288, 

338,348,^58,370,387. 
Galba  catascopium,  81,  90,  100,  137,  149, 

188,  278,  281,  388. 
Galba  dalli,  144,  387. 
Galba  desidiosa,  124, 135, 149, 156, 160, 162, 

188,  260,  232,  254,  260,  261,  330. 
Galba  elodes,  99, 139, 158, 161, 170, 179, 180, 

188,  324,  338,  387. 
Galba  emai^ginata  canadensis,J36, 188,  388. 
Galba  exilis,  100. 
Galba  f  ragilis,  266. 
Galba  galbana,  126,  137,  140,  162,  168,  182, 

188,  242, 354,  358, 387. 
Galba  humilis  modicella,  81,  99,  124,  135, 

138, 144, 145, 147, 157, 168, 172, 188, 225, 

226, 236, 237, 242,  254-257, 260, 271, 281, 

287,  288,  295,  297,  306-308,  338,  348, 
351,  352,  358,  370,  387. 

Galba  humilis  rustica,  137, 144, 145, 188, 387. 

Galba  jolietensis,  99. 

Galba  kirtlandiana,  100. 

Galba  nashotahensis,  121,  144,  188,  387. 

Galba  obrussa,  24,  56,  58,  81,  88,  99,  103, 
120, 124, 133, 135, 137, 139-141, 145, 149, 
155-157,  160,  162,  165,  172,  188,  232, 
242,  252,  254,  256,  260,  262,  281,  295, 
330, 33S,  348, 35|,  358, 370, 387. 

Galba  obrussa  decampi,  54, 56, 58,  73, 89, 92, 
99,  120,  127,  128,  136,  139,  140,  144, 150, 
188,  387. 

Galba  obrussa  exigua,  58,  89,  99,  140,  141, 
188,  387. 

Galba  palustris,  12,  24,  27,  30,  35,  38,  39,  58, 
59,  64,  72,  81,  88-90,  92,  94,  95,  99,  103, 

119,  120,  136,  138,^40,  157,  159,  188, 
232,  242,  260,  261,  262,  266,  267,  281, 

288,  324,  338,  370,  387. 

Galba  parva,  99,  144,  188,  257,  353,  358, 

387. 
Galba  parva  sterkii,  99. 
Galba  reflexa  12,  17,  23-25,  27,  29,  33-35, 

46,  47,  56,  59,  64,  72,  88-92,  95,  99,  103, 

120,  124,  128,  136,  138,  144,  172,  188, 
225, 236, 237, 242, 266,  289, 338,  387. 

Galba  tazewelliana,  188. 
Galba  umbrosa,  161,  180. 
Galba  walkeri,  100. 
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Galbft  woodniffi,  58,  89,  100. 

GaUinago,  208,  213,  394. 

Gammarus,  210,  212,  390. 

Gaifidd  Park,  Chicago,  80. 

Gaas,  250. 

Gastrocopta,  see  Bifidaria. 

Gastrodonta  ligera,  142,  143,  189,  268,  269, 

282, 303, 307, 339, 355, 359, 362, 389. 
Gaylussada  baccata,  186,  382. 
Gaylussada  resinosa,  178,  186. 
Geodromicus  stiricidii,  331,  240,  392. 
Geomys  bunarius,  210,  214,  349,  354,  359, 

396. 
Geoigian  Bay,  115,  156,  198,  201,  330. 
Gidley,  142. 

Gladal  dimate,  283,  284. 
Glacial  lakes,  formation  of,  110. 
Glacial  outlets. 

Chicago,  20,  76,  84,  86,  90,  91,  95,  109, 
113-116,  134,  140,  141,  164,  330,  401. 

Big  Stone  Lake,  399. 

Deqilaines,  82. 

Fort  Wayne,  84,  114, 142,  192,  330,  399. 

Gnmd  River,  20, 114, 192, 400. 

Lnlay,  112-114. 

Kjzkfie]d,86,90, 114,  115. 

Mohawk,  114, 193. 

NorthBay,  114, 116,402. 

Ottawa  River,  114. 

Port  Huron,  115, 116. 

St.  Clair,  86,  91,  95,  116. 

St.  Croix,  192. 

St.  Lawrence,  93, 116. 

Syracuse,  114. 

Traverse,  164, 192,  399. 

Trent,  114,  115,  193,  402. 

UWy,  114. 
Gkncoe,  SL,  69.    « 
Glenwood,  SI.,  69. 
Glenwood  stage,  3,  8,  11,  12,  15-17,  20,  59, 

69-71,  76,  77,  90,  105,  106,  108,  118. 
Gnathodon  cuneatus,  14. 
Goldthwait,  16,  17,  20,  69,  70,  74-78,  86, 

105, 106, 117, 118, 149, 157, 161. 
Goniobasis,  385. 
Goniobasis  acuta,  160,  161. 
Goniobasis  conica,  157,  160, 161. 
Goniobasis  depygis,  58,  85,  89,  99,  120,  187, 

314,  329,  330,  338,  385. 
Goniobasis  haldemani,  149,  160,  161,  187, 

329,  338,  385. 


Goniobasis  livescens,  11,  12,  23,  24,  27,  29, 

30,  32,  34,  35,  37-40,  55,  56,  58,  60,  64, 

72,  82,  87,  89,  90,  92,  93,  99,  102,  120, 

134-139, 144, 149, 157-161, 166, 172, 187, 

"-385. 

Goniobasis  livescens  niagarensis,  148,  149, 
160, 187,  385. 

Goniobasis  viigimca,  172,  350. 

Gorby,  301,  304. 

Gzmbau,  148,  201. 

Graoeland  bar,  Chicago,  80,  88, 93, 94. 

Grand  Boulevard,  Chicago,  65. 

Grand  Canyon,  198. 

Grant,  U.  S.,  16,  63, 165. 

Grass,  276,  280. 

Grcger,  268. 

Green,  290,  291. 

Green  Bay,  68,  75,  76,  82,  83, 108, 112, 119, 
317, 401. 

Gross  Point,  Evanston,  22,  53,  71. 

Gumbo,  247,  248. 

Gundkchia,  144, 145,  385. 

Gulf  of  Maine,  198. 

Gulf  of  Mexico,  199,  202. 

Gulf  of  St.  Lawrence,  177,  198. 

Gulo  luscus,  208,  215,  397. 

Gymnusa  absens,  331,  340,  392. 

Gyrinus  confinis,  331,  340,  392. 

Haas'  gravel  pits,  Chicago,  3,  8,  15,  61. 

Hall,  J.,  1,  147, 153, 401. 

Hambach,  266. 

Hammond  stage,  3,  12,  59,  60,  86,  90,  91, 
93,  94, 105, 119,  120. 

Harpalus  conditus,  331,  340,  392. 

Harvey,  Chicago,  106. 

Hawthorne,  Chicago,  80. 

Hay,  O.  P.,  18,  61,  129,  131,  132,  145,  146, 
154,  163,  173-175,  207,  209,  232,  234, 
251, 258, 265, 275, 289, 301, 309-311, 315, 
316,  349,  352,  367,  368,  372,  374. 

Hayes,  313. 

Haymond,  310. 

HeHcina  occulta,  172, 187, 239, 240, 242, 248, 
252-257,  260,  267-271,  281,  287,  289,  298, 
306-308, 348, 355, 356, 358, 362, 363, 385. 

Helidna  orbiculata,  362,  363. 

Helidna  orbiculata  tropica,  267,  297. 

Helicodiscus  lineatus,  143, 250, 254, 255, 260. 

HeUcodiscus  paiaUdus,  139,  144,  172,  189, 
227,  242,  250,  254,  255,  257,  260,  266- 
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269,  271,  282,  288,  296,  303,  307,  308, 
339,  347,  348,  352,  355,  259,  388. 

Hdix,  124. 

Hdophorus  regescens,  312,  340, 392. 

Heron,  162. 

Henhey,  270,  294>296,  298,  345. 

Hicks,  315. 

Hicoria  glabni,  169. 

HiglQr,  W.  K.,  5,  8,  61. 

Iddreth,  313. 

Hitchcock,  152, 170. 

HoOkk,  240,  279. 

Homo  heidelbeigeiisisf  373. 

Horicon,  Wis,,  112. 

Hovey,  151. 

Howartli,  209. 

Hidlicka,  374. 

Hubbard,  B.,  1,  312. 

Hudson  Bay,  72, 198. 

Hudson  River  canyon,  198. 

Hunq>liieys,  150. 

Hunter,  157, 158. 

Hussakoff,  265. 

Hsralina  binneyana,  257. 

Hyde  Park,  Chicago,  65. 

Hydiochus  amictus,  312,  340,  392. 

Hydroporus  inanimatus,  331,  340,  392. 

Hydroporus  inundatus,  331,  340,  392. 

Hydroporus  sectus,  331,  340,  392. 

Hypnum,  27,  87, 101,  329. 

Hypnum  conunutatum,  332,  335,  377. 

Hypnum  recurvans,  334. 

Hippuris  vulgaris,  329, 336,  381. 

Ice,  effect  on  biota,  216,  221. 

Ice,  effect  on  topography,  216, 221. 

minoian  loess,  248,  252,  286,  289,  297,  298, 

307-309,  347,  348. 
niinoian  drift  sheet,  65,  107,  152,  219,  239, 

247, 266, 269-275,  277, 285, 290, 292, 295, 

296,    298-300,    305-308,    311-315,    318, 

320,  322-326,  328, 329,  334,  344-346,  353, 

360,  368, 403. 
Indian  relics,  13,  15,  79. 
Interglacial  life  of  Chicago,  106, 107. 
lowan  loess,  167,  247,  252,  286,  289,  295, 

298,  309,  346,  353,  356,  360. 
lowan  drift  sheet,  174,  219,  230,  251,  262- 

265,  296, 317,  319-321,  333,  334,  344-347, 

349-351,  357. 
Irondcquoit  Bay,  N.  Y.,  158, 199. 


Irving  Park,  Chicago,  106. 

Jackson  Park,  Chicago,  55. 
Jefferson  Park,  Chicago,  77, 106. 
Jeffrey  Avenue,  Chicago,  55,  90. 
Jerseyan  ice  sheet,  207. 
Johnston,  167, 177,  334. 
JoUet,  m.,  107. 
Juglans,  211,  241,  379. 
Juglans  dnerea,  170, 185,  379. 
Juniperus  virginianus,  169,  184,  251,  276, 
280, 302, 312, 329, 336, 378. 

Kansan  loess,  248,  250. 

Kansan  drift  sheet,  152^  174,  205,  209,  219, 
224, 228-232, 236-240, 246-251, 255, 256, 
259,  260,  262,  269,  270,  277,  279,  285, 
294, 295, 306, 320, 344-346, 352, 355, 356, 
403. 

Kay,  283. 

Keyes,  249,  286. 

Kingston  Avenue,  Chicago,  55,  90. 

Kingston,  Ont.,  198. 

Kindle,  149, 160,  323. 

Kirkfield  stage,  86,  87,  91, 105, 115. 

Klippart,  146,  315. 

Knapp,  J.  H.,  61. 

Knight,  154.    * 

Koehler,  239. 

Labrador,  332. 

Lagrange,  69. 

Lake  Co.,  Ind.,  18,  85,  86. 

Lake  Arkona,  19, 86, 105, 112, 114, 161. 

Lake  Agassiz,  117, 164-167,  192,  238,  399. 

Lake  Algonquin,  9,  74,  86,  87,  91,  105,  109, 

111,  115-117, 133-137, 139, 149, 156, 161, 

164, 322, 328, 402. 
Lake  Bonneville,  320. 
Lake  Burt,  136. 
Lake  Calumet,  55,  71,  93,  96. 
Lake  Chicago,  1,  11,  15,  16,  17,  19,  20,  22, 

65, 68-71,  74-77,  84,  86, 91,  96, 100, 108, 

111,  113,  115,  133,  134,  140,  192,  399, 

400,401. 
Lake  Cayuga,  149, 150, 199,  201,  202. 
Lake  Champlain,  115, 116, 181. 
Lake  Chautauqua,  154. 
Lake  Crooked,  136. 
Lake  Dakota,  117. 
Lake  Dana,  113. 
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Lake  Dawson,  114. 

Lake  Dawagiac,  111,  133,  139,  140,  141. 

Lake  Duluth,  68,  86,  HI,  401. 

Lake  Elkton,  105,  113. 

Lake  Erie  1,  20,  84,  86,  114,  115,  142,  148, 

149, 192, 197, 199,  201, 312, 330, 402, 403. 
Lake  HaU,  114. 
Lake  Geoige,  96. 
Lake  Grassmere,  105. 

Lake  Huron,  115, 136, 161, 192, 197, 198, 201. 
Lake  Hyde,  96. 
Lake  Iroquois,  1,  81,  86,  114,  148,  154,  158, 

159,  160,  328,  401. 
Lake  Jean  Nicolet,  68,  85. 
Lake  Kankakee,  126,  401. 
Lake  Lahontan,  320l 
Lake  Lundy,  86, 105,  113,  114. 
Lake  Maumee,  20,  68,  84,  86,  105,  112,  114, 

399. 
Lake  Magician,  139,  140, 141. 
Lake  Michigan,  1,  9,  20,  22,  75,  HI,  115, 

120. 121, 136, 164, 192, 197, 198, 201. 
Lake  MuUet,  136. 
Lake  Newberry,  114. 
Lake  Nipiasing,  93,  133,  136,  137,  139,  161, 

402. 
Lake  Onandaga,  154. 
Lake  Oneida,  202. 
Lake  OnUrio,  148,  156,  157,  197-199,  201, 

324,  326,  329-333. 
Lake  Pickerel,  136. 
Lake  Pine,  141. 

Lake  Saginaw,  86, 105,  113,400. 
Lake  Simcoe,  198. 
Lake  Seneca,  114,  199,  201,  202. 
Lake  Superior  75,  111,  115,  192,  197, 401 
Lake  Traverse,  117, 
Lake  Tonawanda,  148,  402. 
Lake  Warren,  20, 86, 105, 113, 114, 133, 139, 

159,  160,  164,  328,  400. 
Lake  Wayne,  20,  75,  86,  105,  113,  114. 
Lake  WhitUesey,  20,  75,  84,  86,  105,  113, 

114,328,400. 
Lake  Winnebago,  75, 112, 117, 164,  317. 
Lake  Winnepegosis,  117. 
Lake  Wolf,  96. 
Lake  Upham,  86,  111. 
Lake  Van  Uxum,  114. 
Lampsilis  anodontoides,  172,  186,  193,  225, 

241   250,  383. 
Lampsilis  iris,  97. 


Lampsilis  luteola,  23,  30,  34,  37,  44,  72,  81, 

82,  87,  97,  101,  138,  157,  159,  160,  164, 

186, 193, 324, 330, 336, 350, 358, 3S3, 
Lampsilis  luteola  rosacea,  81. 
Lampsilis  nasuta,  81. 
Lampsilb  occidens,  160,  330. 
Lampsilis  radiata,  81,  193. 
Lampsilis  siliquoides,  350. 
Lampsilis  ventricosa,  23,  30,  37,  55,  58,  82, 

85,  93,  97,  101,  134,  160,  181,  186,  193, 

324,  330,  336,  383. 
Lane,  132,  141. ' 
Langdon,  146. 
Lansing  Man,  373. 
Lapham,  142. 
Larix  americana,  150,  180,  184,  229,  249, 

280,  332,  334,  357. 
Larix  churchbridgensis,  165,  279,  280,  378. 
Urix  laricina,  41,  71,  101,  184,  194,  241, 

280, 325, 329, 332, 334, 336, 378. 
Lasmigona  complanata,  96. 
Lasmigona  compressa,  96,   134,   186,   193, 

383. 
Lasmigona  costata,  30,  82,  96, 101, 134, 186, 

193,  383. 
Latchford,  158. 

Latfarobium  antiquatum,  331, 340, 392. 
Lathrobium  debilitatum,  331,  340,  392. 
Lathrobium  exesum,  331,  340,  392. 
Lathrobium  frustum,  331,  340,  392. 
Lathrobium  inhibitum,  331,  340,  392. 
Lathrobium  inteiglaciale,  331,  340,  392. 
Lathrop,  128. 
Lathyrus  maratimus,  14. 
Lawrence  Avenue,  Chicago,  23,  66. 
Lawson,  118,  317. 
Lea,  205. 

LeConte,  233,  353. 
Leda  portlandica,  176, 180. 
Leda  clay,  180. 
Leidy,  128,  146, 153, 168, 169,  274.  275,  289, 

301,  309,  314,  349,  353,  354. 
Leighton,  232,  251,  345,  346,  347. 
Lemna,  81. 

Lemont,  III.,  55,  56,  69. 
Lepomis,  27,  88,  100,  103,  190,  394. 
Lepralia,  177. 

Leptochoerus,  209,  213,  395. 
Lepus  sylvaticus,  208,  248. 
Utson,  83,  147,  148,  149. 
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Leucodula  fallax,  24S,  252,  255-257,  282, 

308,  339,  347,  352,  358,  388. 
Lcvcrett,  3, 4, 6, 8, 9, 15, 18, 19, 20, 61, 63-66, 
68-70,  73,  74,  78,  86,  105,  106,  112,  117, 
123,  125,  126,  129,  134,  142,  199,  200- 
202,  239, 240, 246-248,  253, 269, 271, 272^ 
277,  283,  286,  287, 288, 290-298, 301, 305, 
306,  311,  320,  322,  344,  345,  354,  366, 
400, 401,  403. 
Limacid,  144, 189,  389. 
Limnea  longiscata,  147. 
limnea  minmia,  147. 
Lincoln  Avenue,  Chicago,  23,  60,  73. 
Lincoln  Park,  Chicago,  64,  80, 108. 
Lindley,  129. 

Lioplaz  cydostomatilonnis,  273,  281,  385. 
Liquidambar  stradflua,  211,  380. 
Liriodendron  tulipifera,  211,  380. 
Lithospermum,  267,  280,  382. 
Little,  177. 
Littorina  palliata,  14. 
Lockport,  Chicago,  77,  80. 
Lockwood,  168. 

Loess  fossils,  chaiacteristics  of,  360-363. 
Loess  formations,  table  of,  363,  364. 
Loess  deposits  in  Chicago,  100. 
Loess  deposits. 

niinoian  (Sangamon) 
Illinois,  296,  297,  298. 
Indiana,  306^309. 
Iowa,  287,  288. 
lowan  (Peorian). 
lUinois,  351. 
Indiana,  354. 
Iowa,  347,  348. 
Missouri,  355,  356. 
Nebraska,  349. 
Eansan  (Yarmouth), 
nimois,  271. 
Iowa,  251-257. 
Missouri,  266. 
Nebraska,  259. 
H^Hsconsin  (PostsJbuJal). 
Illinois,  183. 
Iowa,  183. 
Wisconan,  183. 
Logan,  W.,  322. 
Loriceia  ezita,  331,  340, 391. 
Loricera  gladalis,  331,  340,  391. 
Loricera  lutosa,  331,  340,  391. 
Loveland  formation,  247,  289. 


Low,  177. 

Lucas,  234. 

Lull,  171. 

Lunatia  heros,  14. 

Lutra  canadensis,  374. 

Lutra  rhoadsi,  208,  215,  397. 

Lycopodium,  332,  334,  335,  377, 

Lycopodium  selago,  170, 184,  377. 

Lymnaea,  2,  6,  10,  73,  122,  127,  155,  181, 
290,  332,  361. 

Lymnaea  stagnalis  appressa,  23,  25,  27,  29, 
30,  33,  35,  39,  56,  59,  72,  81,  88,  89,  91 
95,  99,  103,  135,  136,  138,  140-144,  160, 
162,  163,  178, 188,  261,  289,  338,  387. 

Lynx  ruf  us  floridanus,  374. 

Lyons,  HI.,  77,  80. 

Macbride.  228,  231. 

MacCurdy,  374. 

Mackinac  Straits,  113. 

Machaerodus  gracilis,  208,  215,  398. 

Machaerodus  mercerii,  218,  215,  398. 

Maclura  aurantiaca,  329,  330. 

Madura  pomifera,  329,  336,  380. 

Macoma  balthica,  179, 182. 

Macoma  groenlandica,  14,  176,  179-182. 

Madawaska  Valley,  116. 

Magnolia,  211,  380. 

Mammoth,  11,  16,  18,  61,  69,  104,  108,  109, 
128, 132, 141, 145, 146, 153, 163, 166, 250, 
253,  258,  288,  299,  300,  301,  333. 

Mammut  americanum,  85,  100,  121,  130- 
132,  135,  142,  158,  173,  174,  191,  208, 
210,  214,  226,  243,  258,  267,  271,  276, 
283,  289,  300,  311,  313,  315,  325,  333, 
341,  354,  359,  371,  374,  396. 

Mammut  progenium,  226,  243. 

Man  in  Pleistocene,  373. 

Manistee  moraine,  75,  105, 118. 

Marcy,  O.  C,  2,  4,  5,  10,  12,  16,  17,  18,  63, 
64,90. 

Marine  life  in  Chicago,  12,  13,  14,  19,  79. 

Marine  postglacial  deposits,  177,  180,  181. 

Marmota  monax,  259,  396. 

Marquette,  75. 

Mason,  256. 

Mastodon,  11, 16,  18,  69,  104, 108, 109, 128, 
130, 132, 141, 145, 150-155, 163, 167, 168, 
170,  173,  176,  231,  258,  275,  298,  299, 
300,  333. 

Mastodon  americanus,  see  Mammut. 
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Mastodon  angastidens,  267. 

Mattawa,  115. 

Matthew,  209. 

Maury,  323. 

Maxwdl,  168. 

McAdams,  299,  301. 

McAtee,  332. 

McGee^  219,  222,  232,  251,  253,  254,  256, 

288,  351,  353,  354. 
McKay,  142. 
McWiUiams,  151. 
Megalonyx,  142, 145, 194, 202, 229, 274, 300, 

354. 
Megalonyx  jeffersoni,  191,  274,  282,  314, 

341,  354,  359,  371,  394. 
Megalonyx  leidyi,  209,  210,  213,  236,  243, 

394. 
Megalonyx  loxodon,  208,  213,  394. 
Megalonyx  scalper,  208,  213,  394. 
Megalonyx  tortulus,  206,  213,  394. 
Megalonyx  wheatleyi,  206,  213,  394. 
Megalonyx  fauna,  371. 
Megalonyx  zone,  372. 
Megatherium,  202,  316. 
Melania,  2. 
Meleagris  altus,  213. 
Meleagris  superbus,  208,  213,  394. 
Menyanthus  trifoliaU,  180, 186,  382. 
Mephitis,  208. 

Mephitis  fossidens,  208,  214,  397. 
Mephitis  mephitica,  248,  283,  397. 
Mephitis  lept<^,  208,  215,  297. 
Mephitis  obtusatus,  208,  215,  397. 
Mephitis  orthostichus,  208,  214,  397. 
Meigus  serrator,  37,  85,  100,  109,  190,  394, 
MerriU,  177. 
Myers,  Ira,  55. 

Michigan  basin,  74, 86, 87,  111,  113, 116, 192. 
Michigan  ice  lobe,  68,  74,  111,  121. 
Michigan  City,  19. 
Microtus  amphibius,  209,  214,  396. 
Miciotus  didelta,  208,  214,  396. 
Microtus  dlluvianus,  206,  214,  3%. 
Microtus  involutus,  208,  214,  396. 
Miciotus  pennsylvanicus,  354,  359,  396t 
Microtus  speothen,  208,  214,  396. 
Middkton,  314. 
Mffler,  153, 301,  316. 
MiOers,  Ind.,  80. 
Mills,  130. 
Milwaukee,  Wis.,  75,  76, 105. 


Minnesota  ice  lobe,  117. 

Mohawk  Valley,  75, 108, 113, 114. 

Monroe  Street,  Chicago,  61. 

Montezuma  marsh,  402. 

Montrose  Boulevard,  Chicago,  62, 66. 

Moore,  130, 146. 

Motgan  Park,  Chicago,  106. 

Morgan  Street,  Chica^,  61. 

Morton,  313. 

Moses,  130. 

Mt.  Forest,  Chicago,  57,  69,  70,  77,  80,  94. 

Mudge,  235. 

Munn,  246. 

Musculium  orbiciilaris,  162, 186. 

Musculium  partumeium,  97, 163, 186,  384. 

Musculium  rosaoeum,  127, 145,  186,  384. 

Musculium  secure,  27, 54, 73, 87, 97, 133, 156, 

145, 156, 186,  384. 
Musculium  transversum,  38,  87,  94, 97, 186, 

*0o,  ooU,  oot. 

Musculium  truncatum,  47,  54,  73,  92,  97, 

127, 145, 172,  186,  384. 
Musk  ox,  104,  259,  316. 
Mustela  dHuviana,  208,  215, 397. 
Mya  arenaria,  14, 176, 180, 181. 
Mya  truncata,  14,  176, 180. 
Mylodon,  202,  210. 
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314,  341,  394. 
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282,  371, 395. 
Mylohys  pennsylvanicus,  208,  213,  395. 
Mylohyus  tetragonus,  208,  213,  395. 
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Mytilus  edulis,  14, 176, 180. 
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Natica  dausa,  176. 
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395. 
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Olophrum  celatum,  331,  340,  392. 
Olof^rum  dejectum,  331, 340, 393. 
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Ontario  basin,  74,  86,  93, 113, 114, 116. 

Orchestes  avus,  332,  341,  393. 
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Ortmann,  92,  199,  205,  206,  277,  302. 
Oryzomys  palustris,  374. 
Oiyzopsis  a^^erifolia,  185,  378. 
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Pelycictis  lobulatus,  208, 214,  397. 

Peorian  soil,  Chicago,  65. 

Pcnhallow,  3,  6,  72,  90,  149,  150,  178j[202, 

279,  292, 330, 334. 
Pensauken  formation,  207. 
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Physa  aplectoides,  144,  148,  386. 
Physa  ciandalli,  267. 
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Picea,  6,  7, 228, 241,  280, 329,  378. 
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Pinus  nigra,  180. 
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Pisidium  ohioense,  145,  187,  384. 
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Pisidium  politum  decorum,  88,  98,  102,  187, 

385. 
Pisidium  punctatum,  98,  296,  336,  384. 
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Pisidium  superius,  55,  90,  98, 187,  384. 
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Planorbis  crista,  155,  188,  387. 
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Planorbis  nibeUus,  145,  188,  274,  387. 
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Polygyra  sayana,  157, 162, 189, 390. 
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Polygyra  stenotrema,  503, 539, 565, 590. 
Polygyra  thyroides,  125,  145,  144,  189,  254, 

266,  268,  269,  282,  505,  507,  508,  514, 

554, 559, 555, 559, 590. 
Polygyra  tridentaU,  144, 157, 159, 189,  505, 

514, 559, 562, 590. 
Polygyra  zaleta,  142,  189,  269,  282,  505, 

559,  590. 

Pomatiopais  lapidaria,  99, 125, 145, 144, 149, 
187,  257,  267,  281,  503,  506-509,  514, 
558,585. 

Pontederia  coidata,  81. 

Pontoporeia,  402. 

Pontoporeia  affinis,  79. 

Pontoporeia  fisicomis,  79. 

Pontoporeia  hoyi,  79. 

Populus,  228,  241,  579. 

Populus  balsamifera,  29,  71,  101,  178,  185, 
194, 529, 556,  579. 

Populus  grandidentaU,  178,  180,  185,  529, 

556,  579. 
Port  Huron,  17,  115. 
Port  Huron-Chicago  stage,  105. 
Port  Huron-Whitehall  moraine,  75,  76. 
Port  Kennedy  fauna,  568. 
Port  Stanley,  199. 
Portage,  Wis.,  75, 112, 199. 
Post-Glenwood  stage,  5,  8, 11,  12, 16. 
Postglacial  deposits. 

Canada,  156-164,  176-182,  195. 

Connecticut,  154,  155, 171. 

lUinois,  122-129. 

Indiana,  150-152. 

Iowa,  171-176. 

Massachusetts,  169-171. 

Maine,  155. 

Michigan,  152-156,  159-141, 149. 

Minnesota,  164-167. 

New  Brunswick,  182. 

New  Jersey,  168, 169. 

New  York,  147-154, 157. 

North  Dakota,  167. 

Nova  Scotia,  182. 

Ohio,  142-146. 

Pennsylvania,  147. 

South  Dakota,  176. 

Vermont,  154, 181. 

Wisconsm,  118, 125. 


Potamogeton,  25-27,  59,  56,  66,  67,  81,  87, 

91, 94, 101, 108, 552, 556, 578. 
Potamogeton  natans,  178, 184, 578. 
Potamogeton  pectinatus,  178,  184,  578. 
PoUmogeton  perfoliatus,  178,  184,  578. 
Potamogeton  pusillus,  178,  184,  578. 
Potamogeton  rutilus,  178, 184, 578.. 
Potentilla  anserina,  178,  185, 581. 
Potentilla  canadensis,  178, 185,  581. 
Potentilla  monspeliensis  norvegica,  178,  185, 

581. 
Potentilla  tridentaU,  178, 185, 581. 
Pratt,  124, 125,  248,  250,  288. 
Pieglacial  conditions,  197,  199. 
Preglacial  deposits. 

Iowa,  210. 

Kansas,  209. 

Nebraska,  209. 

New  Jersey,  205-205,  207. 

Pennsylvania,  207. 
Preglacial  drainages,  197, 199, 200. 
Preglacial  fauna,  576. 
Preglacial  land  elevation,  198. 
Prime,  170. 
Procyon  lotor,  574. 
Procyon  priscus,  554,  560,  398. 
Proptera  alato,  29,  42,  71,  82,  98,  101,  186, 

195,  585. 
Proptera  purpuraU,  275,  280,  585. 
Prunus,  207,  211,  529,  556,  581. 
Prunus  pennsylvanica,  552,  556,  581. 
Prunus  maratima,  14. 
Prunus  viiginiana,  170, 185,  581. 
Psedera  quinquefolia,  211,  581. 
Pseudosuccinea  columella,  81,  99,  145,  149, 

188,  264,  281,  550,  558,  587. 
Pseudosuccinea  columella  chalybea,  99. 
PuUman,  Ql.,  80. 

Punctiun  pygmaeum,  144, 189, 508, 559, 589« 
Pupilla  blandi,  252-257,  259,  281,  288,  559, 

548,  558,  561,  562,  588. 
PupiUa  decora,  555,  558,  562,  588. 
Pupilla  muscorum,  252-257,  282,  287,  288, 

297,  559,  547,  548,  552,  555,  558,  561, 

^2,  588. 
Pupoides  marginatus,  144, 189, 505, 507, 539, 

588. 
Pterostichus  abrogatus,  551,  591. 
Pterostichus  depletus,  551,  540,  591. 
Pterostichus  destitutus,  551,  591. 
Pterostichus  destructus,  531, 339, 391. 
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Pterostkhus  dormitans,  312,  340,  391. 

Pterostkhus  fractus,  331,  339,  391. 

Ptero6tichus  gdidus,  331,  339,  391. 

Pteiostichus  laevigatus,  208,  212,  391. 

Pterostichus  longipennis,  208,  212,  391. 

Ptychobianchus  phaseolus,  330,  336,  383. 

Pyramidula  alteraaU,  121,  125,  143,  144, 
157,  159,  161,  162,  189,  226,  227,  242, 
252-257,  264,  266,  267,  268,  269,  282, 
296,  297,  303,  306,  307,  314,  339,  347, 
348,  355,  356,  359,  362,  389. 

Pyramidula  cronkhitei  anthonyi,  139,  143, 
144, 163, 172, 179, 189, 226, 227, 236, 240, 
242, 248,  252-257, 260, 264,  266,  267,  271, 
282,  287,  288,  296,  297,  303,  307,  339, 

347,  348,  351,  353,  356,  359,  389. 
Pyramidula  perspectiva,  144,  189,  252-257, 

268,  271,  282,  287,  303,  307,  308,  339, 

348,  355,  359,  362,  389. 
Pyramidula  shimekii,  252, 254,  255, 256, 260, 

282, 308, 347, 348, 353, 359, 361, 362, 389. 
Pyramidula  solitaria,  125, 143, 144, 189, 268, 

269, 282, 303, 314, 339, 355, 359, 362, 389. 
Pyramidula  striatella,  172, 248, 256, 267, 362. 
Pyrgulopsis,  122. 
Pyrgulopsis  scalariformis,  123,  187,  385. 

Quadrula  asper,  273,  380,  382. 

Quadrula  lachiymosa,  23,  30,  32,  37,  82,  86, 

101,  172,  186,  193,  382. 
Quadrula  metanevra,  125, 186, 241, 275,  382^ 
Quadrula  pustulosa,  23,  30,  32,  34,  37,  38, 

40,  55,  58, 82,  83, 87,  88, 93,  %,  101, 125, 

186,  193,  250,  280,  329,  330,  337,  382. 
Quadrula   pustulosa   schoolcraftensis,    186, 

193,  329,  337,  382. 
Quadrula  rubiginosa,  11. 
Quadrula  trigona,  11. 
Quadrula  undulata,  11. 
Quedius  deperditus,  331,  340,  392. 
Quercus,  26,  28-30,  39,  53,  64,  71,  87,  101, 

204. 
Quercus  acuminata,  329. 
Quercus  alba,  170,  185,  207,  211,  329,  336, 

379. 
Quercus  falcata,  67. 
Quercus  garryana,  5. 

Quercus  macrocarpa,  207,  211, 329, 336, 379. 
Quercus  marcyana,  5,  10,  64,  90,  101,  185, 

379. 
Quercus  muhlenbergeri,  329,  336,  379. 


Quercus  oblongifolia,  329,  336 ,380. 

Quercus  obtusifolia,  329. 

Quercus  palustris,  207,  211,  379. 

Quercus  phellos,  169, 185,  379. 

Quercus  primus,  5,  6,  7. 

Quercus  rubra,  329,  336,  380. 

Quercus  rubra  ambigua,  170,  336,  379. 

Quercus  stellaU,  329,  336,  379. 

Quercus  tinctoria,  329. 

Quercus  vellutina,  329,  336,  379. 

Raddin,  5,  8,  61. 

Rana,  213,  394. 

Rangifer,  265,  283,  395. 

Rangifer  caribou,  190,  314,  333,  341,  395. 

Rangifer  muscatincnsis,  176,  191,  259,  283, 

289,  395. 
Rangifer  tarandus,  153,  169, 171. 
Ranunculus  aquatilis,  170. 
Ranunculus  aquatalis  capillaceus,  185,  380. 
Red  River  VaUey,  117. 
Redfield,  325. 
Reis,  152,  177. 

Rhabdobundus  mirificus,  226,  229,  243,  396. 
Rhododendron  lapponicum,  170,  186,  382. 
Rice,  171. 
Rich,  324. 

Ridge  Road,  N.  Y.,  1,  147,  402. 
Ridge  Avenue,  Chicago,  80. 
Rivers. 

Black,  140,  200,  202. 

Calumet,  56,  71,  109. 

Caill,  199. 

Chicago,  66,  109. 

Cumberland,  199. 

I>esplaines,  68,  69,  109,  111. 

Detroit,  83,  115. 

Dowagiac,  139,  140. 

Dundas,  199,  201. 

Fox,75,  112,  119, 192,402. 

Genesee,  199-201. 

Grand,  83,  112,  113. 

Great  Miami,  200. 

Hudson,  86, 113-115, 116,  176,  326. 

Humber,  333. 

Huronian,  198. 

Illinois,  69,  110,  HI,  200,  402. 

Kankakee,  111,  134, 140. 

Kenogami,  13. 

Laurentian,  198, 199,  222,  330. 

Little  Miami,  200. 

Luzerne,  198. 
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Mad,  200. 

Maumee,  142. 

Memominee,  120. 

MUwaiikee,  120. 

Minnesota,  117. 

Mississipi»,  68, 69,  S3, 110,  111,  113, 140, 
164,  198,  199,  200,  202,  205,  403. 

Missouri,  110. 

Mohawk,  86, 113-115, 150. 

Muskingum,  200. 

Newberry,  199. 

Niagara,  115,  147,  148,  149,  199,  201, 

401. 

Ohio,  110,  200,  403. 

Pawpaw,  111,  139,  140. 

Pecatonica,  200. 

Raisin,  84, 148. 

Rock,  110, 112,  200. 

Rocky,  200. 

Saginaw,  201. 

Spencer,  199. 

St.  Ckir,  115, 116, 198. 

St.  Croix,  68,  111. 

St.  Joseph,  111,  139, 140, 141. 

St.  Lawrence,  83,  111,  115, 116, 148, 201, 

205. 

Tennessee,  199. 

Veimilion,  200. 

Wabash,  68,  110, 112,  200,  * 

Wisconsin,  58, 83, 192. 

Wolf,  75. 
Riverdale,  HI.,  106. 
Riverside,  ID.,  77. 
Robertson,  16. 

Robinia  pseudoacada,  329,  336,  381. 
Rochester,  N.  Y.,  105, 199. 
Rocky  Mountain^,  199. 
Rogeis  Park,  ChioKgo,  78,  80, 96. 
Rome,  N.  Y.,  114. 

Rose  Hill  bar,  Chicago,  74,  78,  80, 108. 
Rose  I£U  cemetery,  Chicago,  80. 
Rotundaria  tuberculaU,  23,  26,  30,  32,  34, 

37,  38,  40,  54,  82,  85,  87,  96,  101,  125, 

186,  193,  382. 
Rotundaria  verrucosa,  125. 
Russell,  138,  259, 321. 

Saal,  Adam,  301. 

Sag  low  water  stage,  86,  105,  108,  109. 

Sag  outlet,  88, 92,  94. 

Saginaw  Bay,  112, 198. 


Sagittaria  latifolia,  81. 

Salisbuiy,  12,  20,  111,  117,  183,  194,  206, 

216, 217, 219, 220-223, 285, 365, 344, 352, 

373, 375. 
Sampson,  170,  355,  356. 
Sandy  Hook,  198. 
Salix,  329,  332,  336,  379. 
Salix  cutleri,  170. 
Saliz  reticularis,  325. 
Salix  uva-ursi,  170, 185,  379. 
Sangamon  interval,  118,  210,  219,  239,  240, 

248,  251,  252,  258,  262,  266,  269,  270, 

277,  328,  330,  333,  346,  347,  357,  360, 

368, 370,  374-376,  402, 403. 
Sangamon  interval 

Canada,  323-325,  328-330,  332-335. 

Illinois,  285,  286,  289-294,  297-300. 

Indiana,  301-311. 

Iowa,  286-289. 

Kentucky,  314,  315. 

Massachusetts,  326,  327. 

Michigan,  320-322. 

Minnesota,  320. 

New  England,  326, 327. 

New  York,  322-326. 

Ohio,  311-316. 

Veimont,  326. 

Wisconsin,  317-319. 
Sangamon  soils,  65, 107. 
Sangean  Clay,  333. 
Sauer,  294. 
Savage,  125,  127,  291,  292,  298,  228,  231, 

234,  272. 
Say,  147. 
Sayler,  234. 
Saxicava,  177. 

Saxicava  arctica,  14,  176,  180,  182. 
Saxicava  rugosa,  176. 
Saxicava  Sand,  180. 
Saxinus  regularis,  170, 190,  393. 
Scala  groenlandica,  14. 
Scalops,  208,  214, 397. 
Scalopus  aquaticus  australis,  374. 
Scarboro  Bay,  330. 
Scharf,  15,  79, 192. 
Schlicht,  142. 

Scirpus,  27,  81, 91, 101, 185,  379. 
Scirpus  fluviatilis,  332, 336, 379. 
Sciurus  calydnus,  208,  214,  396. 
Scott,  169,  372. 
Scovill,  276. 
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Scudder,  170,  207,  312, 531. 

Sedge,  276, 380. 

Segmentina  armigera,  25,  29,  46,  47,  56,  58, 

72,  81,  88,  89,  92,  99,  103,  124, 138, 144, 

188,  225,  236,  237,  242,  261,  262,  266, 

267,  295,  308,  370,  387. 
SeUanls,373. 

Sematophyllum  recurvans,  334,  335,  377. 
Shaler,  315.    - 

Shaw,  172,  272,  292,  298,  299,  353. 
ShdbyviUe  moraine,  129. 
Sheldon^  325. 

Sheffidd  Avenue,  Chicago,  60. 
Shepard,  1. 
Shenoan,  177. 
Sheraer,  322. 
Shimek,  104, 122-124, 171, 172, 224-226, 231, 

232,  236,  237,  246-248,  250-254,  256,  257, 

260,  289, 309, 346-348, 358, 360,  363, 373. 
Shinier,  177. 
Shufeldt,  85. 
Sigmodon  hi^idus,  373. 
Silliman,  312. 

Silurid,  27,  88,  100, 103, 190, 393. 
Sflveria  formation,  270. 
Simpson,  10,  63,  83,  330. 
Skdton,  154. 
Skokie  Bay,  Hi.,  69. 
Sloctim  A.  W.,  119, 120, 121, 136. 
Smith,  79, 154, 277. 
Snodgrass,  104. 
Sodus  Bay,  N.  Y.,  401. 
Soils,  old  Chicago,  106,  107. 
Somatog3mis,  122. 

Somatogyrus  depressus,  295,  338, 385. 
Somatogyrus  integer,  55,  90,  99,  123,  187, 

385. 
Somatogyrus  isogonus,  329, 338. 
Somatogyrus  subglobosus,  23,  26,  27,  81,  87, 
■  99, 102, 123, 187, 385. 
South  Bend,  Ind.,  134. 
Sowerby,  147. 

Sparganium  eurycaipom,  81. 
Spencer,  156, 159, 197, 198, 322, 323. 
Sphaerium,  122,  127,  150,   155,   158,    159, 

164,  162,  179,  180,  226,  264,  266,  288, 

300. 350, 358,  394. 
Sphaerium  acuminatum,  29,  44,  58,  72,  87, 

88,  92,  97, 102,  187,  384. 
Sphaerium  emarginatum,  46,  92,  97,  187, 

384. 


Sphaerium  fabde,  81, 91, 332, 338, 383. 
Sphaerium  flavum,  23,  26,  29»  37,  38, 42, 72, 

82, 87, 91, 97, 102, 137, 138, 187, 383. 
Sphaerium  laeviasunum,  23,  34,  91, 97,  102, 

Sphaerium  ocddentale,  58,  88,  97, 127,  138, 

187, 383. 
Sphaerium  rhomboideum,  23,  32,  33,  35,  82, 

87,  91,  97,  102,  119,  127,  145,  155,  156, 

157, 159, 162, 187, 330, 332, 338, 383. 
Sphaerium  simfle,  11,  119,  120,  123,  132, 

135, 138, 143, 155, 156, 157, 160, 161, 162, 

164,  172,  187,  210,  212,  236,  237,  259, 
330. 

Sphaerium  soliduhun,  23,  24,  29,  33,  38,  42, 
72, 87, 91, 94, 97, 102, 125, 145, 160, 187, 
295, 330, 338, 383. 

Sphaerium  stamineum,  11, 23,  38, 42, 46^  72, 
91, 94, 97, 102, 125, 149, 187, 336, 383. 

Sphaerium  stamineum  wisconsinensis,  42, 44, 
72, 87, 92, 97, 102, 187, 383. 

Sphaerium  striatinum,  23,  24,  27,  30,  34,  37, 
39,  42,  44,  55,  72,  82,  87, 90,  91,  97, 102, 
123, 135, 136, 139, 141, 145, 147, 149, 160, 
162,  164,  165,  166,  172,  187,  210,  212, 
232,  242,  260,  278,  281,  295,  330,  336, 
383. 

Sphaerium  sulcatum,  4,  23, 24,  26, 27, 29, 30, 
33,  34,  39,  60,  72,  81,  82,  87,  90,  91,  94, 
97, 102, 120, 121, 123, 125, 133, 135, 136, 
137, 140, 141, 145, 156, 160, 161, 162, 164, 

165,  172,  187,  210,  212,  225,  236,  237, 
242, 259, 260, 281, 295, 324, 303, 336^  383. 

Sphaerium  torsum,  149, 187, 384. 
Sphagnum,  207, 211, 276, 280, 377. 
Sphyradium,  370. 
Sphyiaditun  edentulum,  143, 189. 
Sphyradium  edentulum  alticok,  240,  242, 

252-257,  282,  288,  297,  308,  339,  348, 

352, 353, 359, 361, 362, 389. 
SpiUman,  156. 
Sponges,  176. 
St  Anthony,  FaHs  of,  223. 
St.  Lawrence  drainage,  330. 
St.  Lawrence  Valley,  117, 18L 
Stanafidd,  163, 177, 180. 
Steams,  151, 157. 
Stdler,  326. 
Sterki,  142,  143, 163. 
StewarU  168. 
Stin^)8on,  79. 
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Stony  Island,  Chicago,  70, 80. 

Stookey,  231. 

Straits  of  Mackinac,  136. 

Stiobilops,  236,  370. 

Strobilopa  affinis,  139, 144, 189, 307, 339, 388. 

Strobilops  labyrinthica,  135,  144,  189,  227, 

242,  254,  257,  267,  271,  282,  307,  308, 

339, 347, 358, 388. 
Stiobibps  Virgo,  227, 242,  253,  254, 256, 282, 

347,  358,  388. 
Strambus  gigas,  15. 
Strophitus  edentuhis,  97. 
Strophitus  pavonius,  97. 
Succinea,  122,  252,  290,  303,  308,  309,  314, 

370. 
Succinea  avara,  47,  56,  89, 92, 124,  137, 139, 

144, 158, 159, 160, 172, 189, 226, 227, 240, 

242,  248,  252-257,  259,  262,  271,  281, 

287-289,  296,  298,  308,  330,  339,  347, 

348, 351, 352, 353, 356, 358, 362, 388. 
Succinea  campestris,  267, 353. 
Succinea  decampi,  257. 
Succinea  ekmgata,  308. 
Succinea  giosvenori,  252,  255-259,  267,  281, 

287,  297,  306-308,  339,  347,  348,  353, 

356,  358,  361,  362,  389. 
Succinea  lineata,  250,  252,  255,  257,  259, 

«jUO,  dU7,  3Uo. 

Succinea  luteola,  271, 297, 356. 
Succinea  obliqua,  124,  155,  159,  189,  232, 
248,  252,  254,  256,  260,  268,  287,  297, 

Oij4,  o40,  ^«)1,  «7d^. 

Succinea  obliqua  grierii,  257. 

Succinea  ovalis,  123, 135, 143, 144, 172, 189, 

226,  232,  242,  256,  260,  266,  281,  288, 

297,  334,  339,  348,  352,  355,  356,  358, 

362,  388. 
Succinea  retusa,  46, 47, 92, 136-139, 143, 144, 

168, 172, 189, 226, 227, 242, 255, 281, 308, 

339,389. 
Succinea  venneta,  252. 
Succinea  verrilli,  260. 
Summit,  Illinob,  4, 19,  60,  77,  80,  107. 
Superior  basin,  74,  86,  87,  HI. 
Superior  ice  lobe,  68,  111. 
Swallow,  266. 

Sycium  doacinum,  208,  214,  396. 
Sylvilagus  floridamis,  208, 214, 283, 354, 360, 

397. 
Sylvilagus  palustris,  374. 


Symbos  cavifrons,  132,  142,  146,  167,  176, 

191,  256,  259,  283,  315,  341,  351,  359, 

3tl,    396. 
Syracuse,  N.  Y.,  75, 76, 108, 113, 114. 
Tamarack,  290. 
Tapirus  haysii,  208,  213,  274,  282,  211,  215, 

241,  274,  295. 
Ti^irus  terrestris,  274. 
Tarr,  149,  199,  325. 
T^yassu  lenis,  311,  341,  354,  359,  395. 
Tayassu  tajacu,  354. 
Taylor,  9,  75,  91,  105,  112,  113,  114,  115, 

138, 148, 160, 192, 332, 344, 400, 401. 
Taxidea  americana,  208, 214. 
Taxidea  taxus,  2 14, 397. 
Taxodium  distichum,  169, 184, 378. 
Taxodium  baccata,  292. 
Taxus  canadensb,  249,  278,  280,  329,  335, 

378. 
Taxus  minor,  292, 335, 378. 
Tdeopterinus  orientaUs,  208, 213, 395. 
Tdlina,  179. 

Tenebrio  calculensis,  179, 190, 393. 
Terrapane  anguillulatus,  208,  213,  394. 
Terrapane  Carolina,  311, 341, 394. 
Thomas,  B.  W.,  292. 
Thomomys,  209,  214,  396. 
Thompson,  131, 154, 155, 177. 
Thornton,  77. 
Thousand  Islands,  201. 
Thuja  occidentalis,  41,  71,  101,  178,  180, 

184, 194, 297, 329, 336, 378. 
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Vallisnena  spiralis,  178,  184,  278,  380,  378. 
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ValvaU  sincera,  119, 127, 128, 136, 139,  145, 
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Vallonia  gracflicosU,  172, 189, 226, 242, 252- 

259,  256,  266,  267,  281,  288,  297,  338, 

347,  348, 351, 358, 361, 362, 388. 
Vallonia  minuU,  267,  308. 
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282,  348,  358,  388. 
Vertigo  tridentata,  144,  172,  189,  256,  296, 

306,  308,  339,  388. 
Venus  cancellatus,  14,  15. 
Venus  mercenaria,  14. 
Vero,  Florida,  373. 
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Vivipara  intertezto,  124, 188,  386. 
Vivipara  subpurpurea,  125, 188,  386. 
Vulpes  palmoria,  374. 
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Canada,  278,  279.  Zion  City,  m.,  17. 
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